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I. Introduction. 


oe This thesis, describes, a. carch 
| ‘techniques from artificial in clligence 
order to. set the, stagefor, Arial ofthe sie) ship cap sland coca hor of 
__ medical, education. and, the nature. of some problenve:faad-by this field’. inteoduces the 
se Harvard New Pathway, the Jarger educatiqnnl. papedienans of mick thie project: iswpart. It 
- explains the role played. by information. teckaelogy,ria ipeneaali cand by hiowledye ‘based 
physiologic modeling, in particilar | in n the New Pathway and how they:support dts overall 
goals, 


LL. Medical Kéveaton: Pet and Peseat te 


¥ baal on hi (fis FPS IO uy g ually unchanged since 
cenbuty . Tn contrast to this stasis of eal pene technique, he, character. of sandical 
practice and the s scope 0 br medical k know ledge have changed drastically over the satag, period 
of time. The resulting asynchrony has been the esac as loa ctacanes 


_ighty years ago, the goal of mei tse, pS ei of 
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| imparting to medical’ suden eee WPA TOOTTDN TARE ot en (the, Basic, Science 
-cutticutum?) and by ee in the inten experience of clinical 
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The volume of medical knowledge is now a thousand times?as:latge as it was in “1900 
and, like other scientific knowledge, it continues to grow at an m Spooetae Tate [4]. Yet 
_ traditional. undergraduate medical education: renvaites committed t0 ‘ini 

basic and clinival sciences.to its students, greatly exceeding 
knowledge in a very.limited'time span (esually the firstitwio-yeais off thedical-school): Even 
._ if medical. stadents were to ‘somehow’ sbsofb ‘all this niatétial: tt wOuld Hot serve them well, 
as large areas are certain 10 obsolesce tapidty. “Phas a°w tem of tidérgraduate education 
designed to impart professional Knowledge of of ect vec, itt chi ‘wil fast a Hietime, 


. is no longer feasible. 


Today, most physicians pursue specialty and subspecialty training after receiving their 
M.D. degrees‘ [2]. An alternative view of medical teaining! whitle ig ‘ddnsonant’ with this 
present day reality, regards the undergraduate years ag a peric of general professional 
education, the fnittatfoit to a fifelong process of learning. ar | development which is a 
"prerequisite fot competent cliitical practice. ‘This view hag tong been en: advocated by members 
Of the’ educaition ‘corhtnunity (5, 6], but has not had a par lass medical school 
--curri¢uta, More recently, the ‘Association of Ametican ‘Medical Colleges, has called for a 
major reform of undergraduate medical éducatic n along precisely these lines i in the GPEP 
‘. Report? {7]. - 


If traditional medical education has become ineffectual by virtue of its emphasis on 
-rapidly: imparting a hbge body of knowledge, what does the approach of general 
professional education offer as’ an ‘altemative? ‘Simply’ stated, the alternatives to direct 
‘knowledge acquisition ate attitudes and skills w which will e and equip physicians to 
maintain a lifelong ‘leartihg process, in ofder 6 to cope ¥ ‘with the explosive growth, of medical 
‘knowledge. A fundarhentat requirement of such’ lifeloa self-education is an active role on 
the part of the learner. This 00 is in contrast #b 'st tandat medic fic. practice, 
whereby students are the object of countless hours of ares eenonstrations, and audio- 


. + ot tie thi 00 Jo (oc dea An pero onmequance of he: vehume- tale nd apd pw rato of ine 
science, as physicians strive, to. atain campeahensive know etige of at leust ene sail Aémain. This trend toward 
increasingly narrow specialization ee ee ee if 

unchecked, is likely to further accelerate tt, ‘ atineniacumenried ce 


- Spublished 74 years after the Flexner Report, the GPEP/Report canpuake wwe ruthie of equals great 
change. However it is much 190 s00n 10, assess. whether such change hus indeed Sega to dccur: © 
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visual or computer based tutorials which they are expected to iss ala inter and 
regurgitate in rapid succession. 


1.2. The Harvard New Pathway 


Motivated by the issues discussed above, Harvard Media School has initiated an 
experimental undergraduate medical education program, the New Pathway [8]. The 
developers of the New Pathway have proposed .a specifie..set of attitudes, skills, and 
knowledge which would prepare students for lifelong professional learning. The principal 
categories of these are shown in Table 1-1. The goal of the New Pathway curriculum is to 
provide an environment where. the. student:.can: dcqpiire’: these’. attttudés, ‘skills, and 
knowledge. 


The detailed structure of the New, Pathway.currigulum and the criteria by which it will 
be evaluated are beyond the scope of this thesis. However, it is Pertinent to note that the 
New Pathway 48 a thajor ufidertiking, drawing resources from ‘diverse sectors of the Harvard 
educational community, . The curriqulum bas heen uadesdevelepment since July 1982 by a 
faculty of approximately 30 persons, with extensive input from medical students. 


In September 1985, the first New Pathway group, consisting of 24 of Harvard's 165 
~ member first year medical class, was selected®, _This S group, known. as the Oliver Wendell 
Holmes Society, has its own lectures, ‘tutorials, and laboratory exercises and tht: vourse 
material is studied. by aymens. tahoe than disciptine’. Caaleat: seapooare Sogine ih this first 
are divided into four tutorial groups $ and ‘there is a a strong “emphasié: pac teaanriork and 
cooperative learning within these. To date, the New Pathway students, faculty, and staff 
have ‘been enthusiastic: about their experimetiiil program and ‘appear to have developed a 
very good rapport with each other. 


SEach newly accepted medical student was given the opportunity to volunteer for the New Pathway. There 
were 70 volunteers from among the 165 students, and_of these, 24 were selected-by the New Pathway faculty. 


Tor example, the anatomy, histology, biochemistry, and physiology of the cardiovascular system are studied 
as a single block rather than being divided among sections of four different courses. 
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1. Attitudes: 
a. Attitudes toward patients and colleagues. 


b. Attitudes toward society wee 
ts Attitudes toward learning, 
d. Attitudes toward one's self. 
a. Aneviriny inlertanton vas sal obo potent’: 
b. Obtaining, retrieving and storing information. 
¢ Myer eto wieh ie's peetr eee Oo NaN care Nae 


d. Communicating effectively with patients, fame, and 


eer re hogy foes 


An understanding of the ‘ehdciples of prevention aad of therapeutic. 


d. An understa oh a a a ge of ma 
tig 


e. An understanding of the complex texture of sasiioise: and the ener 
of detail. 


Table 1-1: The New Pathway: Foundations of | ifelong Professional Competence 
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1. Vocabulary Building 


2, Computer-Stoved Course Notes 
3, Bibliographic Reference Files 

4. Access to-Duta Bases 

5, Simulation of Biological Phenomena 

6. Clinical Problem Solving Applications 

7. Computer-Based Medical Reconds 
8. Computer-Based Test Bank Questions. 

9. Personal Reference. Files | 


‘Table 1-2: Proposed Software Modules for the New Pathway 


The development is being carried out by teams composed of members of the New Pathway 

- faculty, members of. the instructional technology andipragramming .staff, ‘post-doctoral 
fellows, and medical students taking. elective rotations. ia educational technology. It is 
envisioned that the programs. will be eee and modified over several years 
of student use, 


1.4, Intelligent Physiologic Modeling 

The hypothesis which motivated this project is that certain elements of artificial 
intelligence and knowledge based systeriid techndldgy tight be fruitfully applied in the 
construction of Module 5, Simulation of Biological Phenomena, with additional relevance to 
several other categories listed in Table 1-2, Specifically, my goal was to to build an intelligent 
physiologic ‘modeling system for use in this module. “This system was to be intelligent by 
virtue of domain specific knowledge which was encoded i into models of different aspects of 
‘human physiology. Its value as a pedagogic tool was to be a consequence of its ability to 
describe the nature of physiologic entities, to. explain the selatienships between them, and to 


apem, 


ascribe causality to their interactions, in additiort 1 murtietiéal and ¢ ‘ ilitative simulation of 
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their dynamic behavior. The system was intended to provide support for several distinct 
physiologic models which would necessarily overlap in content. This approach corresponds 
to clinical physiologic reasoning and to the way in which physiology is currently taught to 
medical students. It does not represent a unified description of all bodily functions. 


This project has consisted of the design, implementation, and preliminary evaluation 
of a Knowledge Based Physiologic Modeling System (KBPMS) arising out of the above 
desiderata. The project has had a truly symbiotic relationship with the New Pathway of 
which it represents but a very small part. KBPMS provided the New Pathway with an 
interesting pedagogic tool, based on developments in artificial intelligence research. The 
New Pathway, in turn, provided an opportunity for evaluation and refinement of KBPMS 
and the computational techniques upon which it is based. 
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2. Background aad Related Work ‘ 


“The development of KBPMS, has. been, besed pee #0, fwo. major. fields of 
| endeavor: computer applications to education, agd computes based physiologic modeling. 
This chapter reviews some of the work in thee ane describes their. oe this 
project. 


2.1. Computer Applications to Education 


- Congputer assisted instruction (CAT) has beer dvaitabile as an 1 educational too} for over 
5. years. Traditional CAI is'an adaptation’ of the brogiammed learning approach whereby a 
flowchart guides the stlident through progressively tore ‘dftfeut subject matter. Multiple 
choice questions are used t6 attest the students’ progress sand in response to his answers, 
material. may be reviewed, or the pace of the’ presentatio! ! ted. 
student's responses are also available | for evaluat putes, 


A number of variations on the basic theme of CAI hive taken plate i in several settings. 
The PLATO system [11] was the first to incorporate graphics capabilities by using | a plasma 
display and: microfiche projector. “More recetitly: ‘wide tape, videotape, ‘and videodisk 
_ interfaces ‘have been developed: for the same ‘purpose: The inéreasifig availability of home 
~ computers has greatly facititated ‘the diseerttinationt Orcat material diréctec {toward a wide 
range of age and interest groups: | eee 


Much effort has been invested in applying CAI techniques to medical education [12], 
but the resulting programs have not been: widely integrated ‘as’ ‘routine parts’ of mefiital 
_ curricula, Some medical educators. feel. that. this.,lack,.of success.hes been. due to 
centralization of such systems around Jarge. maipfcgine computers, and to.inadequate, user 
interfaces 13}. They. ‘suggest that the adyent of high quality audiovisual, interfaces and lew 
cost microcomputer based systems will revitalize, medical CAL Yet.traditional CAI systems, 
in medicine ag well as other areas, are limited i in a.more fuadamental. way. Theis flowchart 
foundations render them inflexible, unable. to adeuately, adapt-to, the, needs of individual 
students. Viewed from the perspective of the New. Pathway ; rogram, they do not-encourage 
a suffi ciently active role for the student in the ——s process. 


In response to the deficiencies of traditional CAL nl oosienn have attempted 
to apply artifi cial intelligence technology to the task of producing intelligent tutoring 
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systems {14}. Such systems, termed intelligent: CAE(IGAA); attempt to be intelligent in two 
different ways. First, they incorporate comprehensive Knowledge of the domain they are 
intended to teach, and’ seéond, they contain a tiodel of suident behavior and modify their 
tutelage in response to what-the studeht seem to understand’ or misu 
| most ICAI systems have beta '‘sppHed'in highly Sthiédired’ domains s 


domains such as s game p playing 
[15] and troubleshooting electronic circuits [16], where they have met with preliminary 
SUCCESS, 


GUIDON [17, 18] is an ICAI program iecgiade aes’ the. paaiereres -encoded in 
tule based “expert” systems, An, initial version. uses the MYCIN: infectious disease 
‘knowledge base O91: and thus represents the first applicssien-of IGAL to madical education. 
One of the important lessons learned during, the. developmens Of GLIDON was that a set of 
rules which provides good consyltation. performance sr the-less he aukward for use 
by such a pedagogic program, ‘Thus the developess of GLADON beve.uadertaker the task 
of restructuring the MYCIN knowledge base to make it suitable for et ee This 

is the NEOMYCIN project (20, 


KBPMS occupies a middle ground, betweea. radi On LCA sd wsactabes advanced 
ICAI systems. It has deep knowledge of, its. dorapin, ut. dees. not. alsempt to model the 
‘student's. behavior or level of comprehension. ;;. It: is. intended, tes provide: a: flexible 
educational ‘tool based on well established pedagogic and qomputasianal principles; but does 
_ not address entirely new research issues in either field. 
s A at eats re hates : aes eS ae shay se 
22. Computer Based Physiologie Madeling: : 
~ The earliest Reananl ‘models of “physiologic Function were, numerical 
retatiotts | which jad Been : i determined to 
f' these “hummeric models have become quite 
su 


y (27. peer is a a ‘schematic. representation of 
inode! which is set a neil teaching aid 


equivalent: for fespitatory physic 
“HUMAN {23}, a very larg “erie a 


Numeric physiologic models are analogous to the spreadsheet programs which have 
seis 5! 


become a ‘in the business Dominumty ‘They tlio the use r to obperve the Tesponse to 
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~ dl 


Figure 2-1: “HUMAN: A Nat Model of Phyo 
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a given set of perturbations and are amenable to graphic présentation of results, However, 
like spreadsheet programs, they are limited by their depth of knowledge in the domain 
which they are modeling. Specifically, they have no knowledge of the nature of the entities 
whose behavior they describe, or of the causal relationships between them: ‘Thus they are 
unable to answer such - pedagngically.crutil poi plat eg bea . why 
pm happens, 


Another class of computer based’ ‘Physiologie models has: been ect by 
researchers in medical artificial intetligenes. (MAI) in’ at "etoempt: to” snes the 
performance. of their cofteultation: peogearis i “firs. i tion - of MAF systems? was. 
limited by. its reliance. on phenomenological ‘eogiations between discrete” disease 
manifestations and disease entities for reasoning shout { idgncsis anc thesapy. These systems 
had np underlying knowledge of body structure ae hig stigu: in ‘Wealth and: iipess and were 
unable to cope with multiple “idteracting hoersd sumer! with Seeticps involying 
conflicting items of phenomenologic tnow ledge Vee 4 for -plivs 
based explanations of their conclusions. The cto, of. physiologic: Knowledge in 
computational structures is seen as a potential’ weeaibet eecceting th these oie by 
permitting MAI progréms 10° “reennne the physlnats wet” poe 


Pe In 1976, Smith [27} proposed the first attempt: 0 encode anatomic and disses 
koe to > support automated: reasoning in. this @6hedin. ‘Hi: system was to rely on a 


existing representational: ‘techniques. were in dequate. 
research efforts were’ directed at advancing te a RiIORS 0: fe 
and have not. retumed % the area of physiology. 


ABEL [29], a diagnéstic reasoning system which pera the domain of acid-base 
and electrolyte disorders, encodes knowledge of physiologic <a 
structures. The knowledge. is ‘represented: at: ‘three evels of detail : ‘(termed clinical, 
intermediate, and pathaphysiologic) but reasoning is alwayé-cartied out at the most detailed 
- level. ABEL can explain its reasoning in physiologic terms, and has Potential asa teaching 
tool, thomelt cab aes Pee alt Sh ie poem ree. : 


The ubiquitous "big four": MYCIN {19}, INTERNIST-1 [24], CASNET [25], and PIP [26]. 
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_ Several investigators.ase currently: exploring ‘the encoding: of knowledge ‘of’ various 
medical. domains. in different types of caustt: netwotks.! Wallis and oShorttitfe [30] have 
combined causal. and.- rule .based: represeatadons’ise!a.. prototype meditdl explanation 
production system. Long [31] has developed a causal physiologic model of cardiovascular 
disease for use in diagnostic and therapeutic reasoning about angina and heart failure. 
Blum [32] has devised a system for representation of empirically derived causal relationships 
as a means of extraction of knowledge from a large clinical database. Kunz [33] has studied 
the analysis of physiologic models for encoding in knowledge based systems, Widman 
[34] has developed a representation method for dynamic causal knowledge in the domain of 
cardiovascular physiology. All these efforts have, in turn, relied on more foundational work 
on the representation and simulation of causality in physical mechanisms, such as that 
_ carried out by Rieger and Grinberg [35], deK leer [36, 37], and others. 


A similar, yet distinct, approach to physiologic modeling has developed as a 
consequence of recent advances in qualitative process theory [38]. Qualitative simulation 
[39] models a physiologic system by propagating constraints imposed by the mathematical 
relationships among physiologic variables. The numeric values of these variables need not 
be explicitly known, but may be characterized in terms of their direction and rate of change, 
as well as their magnitude relative to pertinent landmarks (eg. above or below normal). 
. Given an initial state and perturbations, qualitative simulation can determine all — 
~ mathematically possible successor states, though some of these may not reflect physically 
possible behaviors of the system being modeled. 


NEPHROS [40] combines the ideas of causal physiologic representation and 
qualitative physiologic simulation. It is a modeling system based on the propagation of 
constraints through a series of gray boxes representing functional units of the human body. 
The gray boxes may be either discrete entities or further decomposable into structures made 
up of other gray boxes, thus implementing a hierarchic representation based on level of 
descriptive detail. NEPHROS has a simple model of renal function and is capable of 
reasoning about the pathophysiologic entities of congestive heart failure, the syndrome of 
inappropriate antidiuretic hormone secretion, and the nephrotic syndrome. 


KBPMS occupies an intermediate position in this spectrum of modeling 
methodologies, analogous to its stance relative to other computer based education aids, It 
incorporates the principles of numeric and qualitative simulation as well as the 
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representation of causal relationships at varying levels of detail. It is capable of reasoning 
about what something is and why something happens. It emphasizes the application of 
these features as educational tools, over their further theoretical enhancement. 
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3. Project Overview 


This chapter briefly summarizes the design, implementation, aa, valuation phases of 
the KBPMS project. A more detailed description of each ; is then ‘presented jin Chapters 4 
ands. se 


3.1. Design 


The design phase of this project consisted of the ohana * an | intelligent 
physiologic modeling system {KBPMS) with the: following: eapiabitites: 


1. Compilation. KBPMS i is able to compile” qnodels. soeoding eo rom of a 
physiologic knowledge’ into internal computational structures 
Out its: functions: The tiedels ate writer in a uniform’ f 
28}, independentof she computational étractures onto Wwhiich:they ate’ kpped, ~ 
and independent of the procedural. mechanisms -by--which: simuhition and 
explanation are carried out. 


2. Simulation. KBPMS accepts perturbations to a model in any of the foltowing 
forms: numerical values of parameters, ss ae Sharacterizations | of 
parameters, ‘ot impaitment Of pidcesses It sho resulting numerical and _ 
qualitative: pertertiations as. they. ieee line "e thodel ‘Fottowing | a 
simulation run, KBPMS can.explain whya pastioulas owent ocourred.* 


y ites 


3. Explanation. KBPMS is able to ‘answer ‘the following. questi tions, where the . 


blanks may be filled ribet baeict desctfbed in ame de . 
What is ? tess a 
What directly influences ? 

What is directly influencedby Ps 
Does 


__—_ influence. nade oes 
- What are the mechanisms of, 


Pa “? 


4, Verification. When compiling a tttodel,. KBPMS ipetfotms Finited checking to 
ensure internal. consistenry.. plaka apace “wet in‘terms 
of details of model structure in Section 4.2 uiakise 


1rhough not necessarily combine. 
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3.2. Implementation 


The implementation phase of this project was twofold. . _Anitjally, a prototype was 
constructed ‘it LISP{41} for a mainframe system ‘at the MIT Laboratory for Computer 
Science. ‘The prototype implemented most features of the design described above, and was 
fully debugged and operational using a simple model of respiratory physiology. It had a 
sufficiently powerful user interface to permit extensive testing, but lacked any. graphics or 
advanced user support capabilities. - 


A subsequent implementation. was constru¢ted:4n’ MUMPS [10] using an HP-150 
microcomputer provided by the Harvard New Scher TNs. final implementation i 
possesses’ all’ the specified: ‘design capabilities i in | addition to, Ap advanced, friendly, user 
interface. “This interface features extensive use “of iatepactive:: gtaphics and is fully 
compatible with other elements of. the or a a The final 
version uses the same respiratory model as the prototype: © 


3.3. Evaluation 


Ideally, the evaluation objective of this project. would. have been. to fully assess the 
long term effectiveness of KBPMS. ag. an educational sesource. within the: context of the New 
‘ Pathway. However, such conclusive and rigorous: eveliation was unrealistically ambitious 
for the limited time span of the project (approximately ; ane year), Therefore ¢ an attempt was 
made at some form of limited but potentially, reproducible guicome measurement, with the 
prior realization that the results could be considered "soft". 


The evaluation phase consisted of a homework exercise in: respitatory physiology 
which was given to all New Pathway students using’ standa educational Resources (class 


Fae 


notes, textbooks, laboratory materials, etc.): In addition, a randomly selected half of the 


students also had access to. KBPMS5 while: performing :thia: homework. A: brief. evaluation 
quiz was subsequently given toall the students. ‘The remainder of the students ‘were then 
given access to KBPMS. All students and facuity were ‘encouraged to report their opinions 
of KBPMS, its major strengths and weaknesses. All participation in this evaluation 
experiment was solicited onan entirely voluntary basis and one third of the 24 students 
complied. 


Analysis of the quiz scores of the two groups indicated that those students who had 
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access to KBPMS scored approximately the same as those who had not. The mean scores 
were 78% and 76% respectively with a standard deviation of 27%. Due to this very small 
difference and the small sample size (n=8), these results are not statistically significant. 
Student and faculty evaluation of KBPMS spanned a broad spectrum of opinions. These 
ranged from those who thought the program and respiratory model were exceedingly 
simplistic to those who felt they were far too complex, with a variety of comments 
inbetween and no general consensus, | 
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4. Methods | 


. This chapter describes the methods, used. in castying, out the: KBPMS project. It 
presents definitions of the relevant physiologic, concepts, - the, knowledge: fepresentation 
~ scheme which was employed, the algorithms , for, carrying. qut..the | modeling system's 
“functions, and details, of the evaluation strategy. re with ee 
from respiratory physiology. 


4.1. Definitions 


The methods described below presuppose. a highly simplified view of human 
physiology, one which may. ‘be fully, described in terms of parameters, processes, states and 
steps. For this purpose the following definitions apply: 


e A parameter is any potentially measurable ‘physiologic entity. It may have any 
simple or combined units and thus may be an amount, concentration, rate, etc. 
(eg. tidal volume, respiratory rate). 


e A process is a description of the way in which parameters interact. For example, 
the process of bulk gas flow describes the interaction of the parameters: 
respiratory rate, tidal volume, dead space,.and alveolar ventilation. Increased 
respiratory rate increases. alveolar ventilation, inergased dead space decreases 
alveofar Ventilation, and so forth. vo 


© A state is a characterization of the saline value of a parameter (increased, 
decreased, or normal) or the status (active or impaired).of'a process. For i 
example, hyperventilation is a state characterized by decreased arterial pco, (a. 
parameter), and adult respiratory distress syndrome is a state associated with | 
impaired alveolocapillary diffusion (a process). 


e A step of a physiologic simulation is the set of changes of values of parameters 
indicated by the. relationships described-by-e-single-process: Thus the fottowing 
would each describe single steps: "Alveolar Saptari (a parameter) is 
increased by increased respiratory rate (a parameter). through bulk gas-flow (a - 
" process)"; "CO, excretion rate (a parameter) is decreased and arterial pCO, (a 
parameter) is increased by increased alveolar pCO, (a parameter) through 
alveolocapillary diffusion (a process)." 
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4.2. Knowledge Representation alah 


Figure 4-1 describes the relationship between two parameters: metabolic CO, 
production ‘vite (CO, pred) -and'€O, excretion fate (VCO). ‘Te this figure, and all KBPMS 
-» diagrams, parndveters te Yepebléntil ‘by'squares and prodésec’ are represented by triangles. 
The influence @f one-parameter on’ snottier is ‘shove using sblid fines with arrowheads 
| indicating the direction ‘of the trifttence being tlie “Ho, e 


Broduction influences 
vco, through CO, elimination (CO, elim). 


Figure #1: Ari Abstract View of CO, Elimination ~ 


“th? elin =. 


CO2 pred - 


‘Fhe overall. inflienctof CO, prod 


SE ESA ig BRR I 
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Figure 4-2 shows the same relationship ata éreater’ level of detail, 0, production 
+ influences arteriat pCO, (paC0,)"" though ‘ircialatory’ “OO, transport, (C (CO, trans), and 
- paCO2 influences: VCO; ‘thrdogtr | fi ory regutation of Ut > ¢ x ». rel, in series. 

ction jist ‘of auurse, be consistent at all levels 
- of detail, Sul Figiita /encokea euice ecgrsinind cab lade than gare 41 | 


Figere 42: A More Détuitedf View of CG, Blitaination 


CO2 prod C02 trans  pacde p02 regl  ¥C0e 


"TpCO, is the partial pressure of carbon dioxide gas. Unless otherwise specified, it refers to the partial 
pressure of CO, dissolved in arterial blood, also designated as arterial pCO. and paCO,. Alveolar pCO 
(pACO,) is the partial pressure of co, in alveolar gas. Unfortunately, this widely accepted usuge a 
abbreviations can be somewhat confusing. 
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Circulatory CO, transport and respiratory regulation of paCO, are the mechanisms of 
co, elimination as any in Figure 4-3, These processes may, in.turn, have mechanisms 
which we wish to sirajlarly describe, suggesting a strict taxonomy. such as.skown in Figure 
4-10 (page 33). Here, as in all other KBPMS diagrams, the taxonomic links.are indicated by 
dashed lines, = 


Figure 43; The Mechanisms of CO, Elimination 
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Figure 4-4 is a unified representation of the. .preceding three figures..and shows 


influence as well as taxonomic links, Note. that, PICO, has no, meaning i in. terms.of the 
process of co, elimination, and is sea meaningful a at the sig taxonomic level, 


~ a 


a ee PSs BE sit ae 


_— ee 
Figure 4-4: A Unified Representation of CO, Elimination wise 
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~ The following are some properties of the representation strategy ilustrated al above, The 
_ examples afe taken ‘from Figtires 4+ ¥ 4, and 410 (pages 31 t to 33). 


@ Parameters can be very different things. They are united only by the property 
that they all have a potentially measurable value. For example, respiratory rate 
is routinely measurable and clinically important while alveolocapillary diffusion 
rate is somewhat esoteric and quite difficult to measure, yet both are parameters. 


e Processes can be very different things. They are united only by the property that 
they describe the interaction of parameters. co, elimination is a very abstract 
concept while bulk gas flow is a very specific physical phenomenon, yet both are 
peas 


e Pose at the sgme. taxonomic level-need not hetve the same descriptive level of 
abstraction. In Figute 4-10 pulmonary gas transport, which is a physiologic 
process, is at the same taxonomic level as alyeolo prbysical 
“process. “The only constraint imposed by the taxonomy is that a process’ 
children be at a lower or equal descriptive level of abstraction than the parent. 
The pertinent descriptive levels are: pathophysiologic, Physiologic, 
biochemical, chemical, and i air The summum genus process is 
homeostasis, 


e The representation structure is a directed-graph_in which cycles are permitted. 
This type of structure might permit gregt descriptive power, though it may also 
incur substantial computational cost. At the very least, ase _must be taken to 
avoid enditss cycling while traversing such a graph which describes,one or more 
feedback loops..-The/ algorithm which carries out: situlation, and circumvents 
this pitfall ls described in Seetion 44, tee ; 

e labnnation at di ifferent levels of abstraction must he consistent. re necessary, 
though not sufficient, condition for consistency is that at any given level of 
abstraction (defined by the taxonomic, rather than the descriptive, level of 
abstraction of the processes involved) there must exist a path between every two 
Parameters. which..are.connected. by. a.path.at-higher-levels of abstraction. - 
Intuitively, a more detailed oo must sees at least a as much as a more 

. abstractone. 
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Parameters, processes, and states are not discrete entities, rather they all have an 
internal structure which may be- described ‘usitig famies. A parameter frame describing 
pCO, is shown in Figure 4-512, The type, names, descriptions, references, units, clinical- 
measurability, normal-range, and physiologic-range slots contain. the. indicated” static 
information. The associated-states, influestoing-procestes, arid: processes: -influericed’> slots 
are filled from information in the state frames and process frames at the titne that a model is 
compiled. In the the latter two slots, the lists, of processes are sorted by their taxonomic 
level. The default-qualitative-value and defauit-aumerte, value slots. are, used to initialize 
parameter values, which are then dyriamically ‘alters Guring. simulatio n. . The following 
qualitative ‘values are permitted: normal, increased, decreased, further increased, further 
decreased, increased’ toward normal, decreased : toward normal, and. unknown. These are 
discussed in Section 4.3 along with the qualitative opermiors used to manipulate them 


Wrigures 4-5, 4-6, and 4-7 show both the LISP and MUMPS versiogs of the:corresponding frames. In 
MUMPS, strings are used as indexes to globals (multidimensional arrays) and therefore 

“tglobal(model, frame slot,index) = value” represents the conwapnating LASP frimhe’conseruct."Phe Figures show 
a formatted version of the MUMPS frames which eseenitoye eles ch: their s cpe me These 
are icon and glab which are used for the graphics component of the M 


13 Unfortunately, influence is not a very good choice of words here. Parameters really ay influence other 
parameters through processes. The names of these slots seem 20 Fry ae permeate ao Ea iucae paces 
per se and vice-versa. Strictly speaking, this is not the case. 
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Figure 4-5; A Parameter Frame, 


(PCco2 
(type: (PARAMETER) ) 
(names: ("arterial pCQ2" "pC02". “pale2")) 
(description: (“partial pressure bs cartes dioxide tn arterial blood") 
(references: “West:p. 2") 7 
(units: ("me Hg")) 
. (clinteal shaasurab fl ity: (ROUTINE)) °° 
(normat-range: (38.0 42.0)) , 
(phyStologic- range: (16.0 100.6)) 
(associated- states: (HYPERCAPMEA NIL HYPOCAPNEA)). 
Caftoencing“processes: (( 2 (CIRCULATORY-CO2- “TRANSPORT RESPIRATORY Cowra 
LeBETPOOR Ye 
{3 (CIRCULATORY- FLOW PULMONARY- GAs- EXCHANGE) 
(4 (ALVEOLQCAPELEAR Y:-O9F FU6 10897)" 
(processes-infiuenced: (2 (RESPIRATORY-CONTROL -OF - Pco2)) 
+ {3 (CHEMOREFLERES))))> 
(default- EES FEBR VARIO N=? (NORMAL)) ~ 
(default-numeric-value: (40.0))) 


PCco2 


ASSOCIATED-STATES: HYPERCAPNEA 
WIL 
HYPOCAPNEA 
CLINICAL -MEASURABILITY: routine 
~  DEFAULT-NUMERIC-VALUE: 40 
DEFAULT-QUALITATIVE-VALUE : normal 
DESCRIPTION: partial pressure of carbon dioxide in arterial blood 


GLAB: paco2 
ICON: 476 
. 666666666667 
1 
4 
46 
INFLUENCING-PROCESSES: CIRCULATORY -CO2- TRANSPORT , RESPIRATORY- CONTROL UE 


~PCO2 
CIRCULATORY - FLOW, PULMONARY -GAS-EXCHANGE 
ALVEOLOCAPILLARY-DIF FUSION 

NAMES: arterial pC02 


pco2 

paco2 
NORMAL-RANGE: 38 

42 

‘PHYSIOLOGIC -RANGE : 16 

: ro £0@ ts 
PROCESSES- INFLUENCED: RE SE SEAT ONY “CONTR SOT PLUS: 

CHEMOREFLEXES - 


REFERENCES: West p. 1 
TYPE: parameter" 
UNITS; mm Hg 
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Figure 4-6 shows a process frame describing bulk gas flow. The type, names, 
description, references, teleology, and: descriptive-level-of-abstraction slots contain the 
corresponding items of static information. The influencing-parameters and: parameters- 
influenced slots! contain incoming and outgoing influence links respectively. The is-a- 
mechanism-of and mechanisms slots cogtaid “upward agd downward taxonomic links 
respectively. (The mechanisms slot of the bulk gas flow frame. contains ‘NIL because the 
mechanisms of bulk gas flow are not described in this model.) ‘The  quantitative-rules slot, 
contains an arithmetic expression: “composed of influenci s, constants, and a 
parameter from the parameters-influenced list. The ualtative-rues slot: ‘contains an 
influencing-parameter, qualitative algebraic. operator, - ‘and: ‘influeaced-perameters, 
respectively. The operators may be one of the following:. monotonically. incgeasing.(M +) or 
monotonically decreasing: (Mi: +) The semantics 3 OF these G e is discussed in the next 
section. The default-status slot indicates whether this # ‘provess fs ‘norniafly active or 
impaired, 


14 Atso misnomers in the same sense as previously indicated. 
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Figure 4-6: A Process Frame -- 


(BULK-GAS<F LOW 
(type: (PROCESS) ) 
(names: ("bulk gas flow") 
(description: ("flow of gas cules through the tracheobrech a1 tree")). 
(references: “Guyton pp. 464-486" "West pp. 16- 19°)" 
(teleolagy: NIL) ae 
(descript fve- “lével<of abstraction: CenYSTCAL)) 
(associated-states: (COPD}) 
(inf tuenc thy-parameters: (RESPIRATORY- RATE TIDAL- ee _DEAD- SPACE) 
(parameters: inf lyenced: (ALVEOLAR-VERTELATZON) ) - 
(is-a-mechanism-of: (PULMONARY - GAS- cTRAMSPORT }) 
(mechantsme: (MIL). i: 
(taxonomic-level:, (6)) 
(quahtAtative-ruled: (({THMES RESP IRATORY-RATE (Burr ENekcs TIDAL- VOLUME ry 
[EAD-SPACE)) ALVEQLAR-MEMT pal be 
(quatitative-rutes: ((RESPTRATORY-RATE (M+ ALVEOLA ENTICATION)), 
_ CTEDALMOLUNE -(0> MNGOLAG VE MF ICAT EEN) 
" (DEAD-SPACE (M- ALVEOLAR- VENTILATION) ))) 
(default-status: (ACTEVE))): * 


BULK -GAS~FLOW 


weer ee eee w wane 


ASSOCIATED-STATES: COPD 

DEFAULT-STATUS: active 

DESCRIPTION: flow of gas volumes through the tracheobrochial tree 
DESCRIPTIVE-LEVEL-OF-ABSTRACTION: physical 

GLAB: gas flow 


ICON: 63126 
. 166666666667 
1 
3 
90 
INFLUENCING-PARAMETERS: RESPIRATORY-RATE 
TIDAL -VOLUME 
DEAD-SPACE 


IS-A-MECHANISN-OF : PULMONARY -GAS~ TRANSPORT 

MECHANISMS: NIL 

NAMES: bulk gas flow 

gas flow 

PARAMETERS-INFLUENCED: ALVEOLAR-VENTILATION 

QUALITATIVE ~-RULES: RESPIRATORY -RATE~>M+: ALVEOLAR-VENTILAT ION 
TIDAL - VOLUME - >M+: ALVEOLAR-VENT ILAT ION 
DEAD~SPACE - >M- : ALVEOLAR-VENT ELAT ION 

QUANT ITATIVE-RULES: "ALVEOLAR-VENTILATION‘ 2*RESPIRATORY-RATE'*( ' TIDAL-V 

OLUME ' - ‘DEAD-SPACE' ) 
REFERENCES: Guyton pp. 484-486 
West pp. 16-19 

TAXONOMIC-LEVEL: §& 

TELEOLOGY: WIL 

TYPE: process 
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» Figure 4-7 shows two state frames describing hypercapnea ‘and adult respiratory 
distress. syndrome, sespectively. ‘They are-amalter: thant parameter: of process frames ‘and 
_their structure is self-explanatory: Note-thiat state frees alec contali 'a descriptive tevel of | 
abstraction, asd that they.may only. represem the. pertwfbatioh OF # sige parameter or the 
. impairment-of a single process. . Ail:thees types of fares permit mulfiple synonyms in the 
_ names slot ae ct Hinks soe ere Ce ee —— information i is 
: arn iy 2h. ee ~ 


Figure #7: ei nes 


(HYPERCAPNEA 
(type: (SFATE)} | ; 
(names: ("hypercapnea” ivperearbac' eebee cant ivacies}) 
(descriptive-level-of-abstraction: (PHYSIOLOGIC)) 
(perturbation: (INCREASED PCO2))) 


HYPERCAPNEA 


eee mn ewamwe 


DESCRIPTIVE-LEVEL-OF-ABSTRACTION: phystologic 
NAMES: hypercepnea 
hypercarbia 
hypoveatilation 
PERTURBATION: increased 
PCO2 
TYPE: state 


ose 


(ARDS 
(type: (STATE)) 
(names: ("ARDS* “adult respiratory distress syndrome” “shock lung")) 
(descriptive-level-of-abstraction: (PATHOPNYSIOLOGIC) ) 
(perturbation: (IMPAIRED ALVEOLOCAPILLARY-DIF FUSION) )) 


ARDS 


DESCRIPTIVE-LEVEL-OF-ABSTRACTION: pathophysiologic 
NAMES: AROS 
adult respiratory distress syndrome 
shock lung 
PERTURBATION: impaired 
ALVEOLOCAPILLARY-DIFFUSION 
TYPE; state 
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The examples. used. above are taken from: a model-of carbor tioxide-homeostasis. by 
the respiratory system.....This. model was. prepated | teing>Gayton's [42] and West's 
[43] textbooks of physiology, Figure 4-8 iétusteates the parsimeters and- processes in: this 
_ model. The influence links and taxonomic. links are shown’ in Figures 4-9 and 4-10 
respectively. Appendix I lists the complete frameibased representation of this:model. ‘The 
carbon dioxide homeostasis model is.quite sini! (13: parameteta} 11 processes, and’ 10 sthtes) 
and encompasses a correspondingly limited subset of .nedieally:‘refevaiit’ respiratory 
physiology. None-the-less, it seems reasonable to assume that a physiologic model encoding 
the sort of knowledge that we wish to teach medical students about a particular aspect of 
human physiology (respiratory, cardiovascular, electrolytes, acid-base, neuro, etc,), might be 
described by models of this order of magnitude (ie. less than 100 paranieters‘and! ptocesses). 


_ METHODS 
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_ Figure 4-9: The Respiratory Mode}: 
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Figure 4-10; The Respicajpry, Mogtel Showing Taxonomic Lisks 
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4.3. Qualitative Values and Operators 


The-semantics of the qaatitative operators M+ and M- ate based on the Incremental 
Qualitative. Algebra of deKleer {374 -but severat modifications fiave been introduced to deal 
with the additional qualitative values which are not present in deKleer’s original four valued 
logic. The new values are: further increased, further decreased, increased toward normal, 
and decreased ‘teward normal; and these supplement: normal, increased, degreased, and 


unknown. 


The new qualitative values are somewhat imprecise concepts which encode a 
combination of a parameter’s megnitude, direction and rate of change, as well as its past 
history. A parameter which is-normal and encounters an increasing influence becomes 
increased. If it then encounters. anothér increabitig influence it becomes further increased. 
Subsequent. increasing influences will not change. the value of the further increased 
parameter. tT an increased or further increased parameter encounters a decreasing influence 
it. becomes. decreased toward normal. The notion of homeostatic forces returning a 
physiologic system to suis implicit in this last trapsition, 


Fi igure 4-11 illustrates the Gemblese semantics of Mr and Me For exampfe, consider 
the prdcess frame describing bulk gas flow shown in Figure 46 (Geet 23): It contains the 
- following entry in its qualitative-nules slot: - 

RESPIRATORY=RATE= =>M+ : ALVEOLAR-VENT ILATION 


The semantics table for M+ in Figure 4-11 gives the resulting value for alveolar 
yentieaon given its initial value (the parameter influenced) and given ing value of 
respiratory rate (the influencing aaa 
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Figure 4-11: Semantics of the Quatitative Operators M+ and M- 
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4.4, Algorithms 


The algorithms required to perform the fout tasie listed under Section 3.1 are 
straightforward variations of well known graph traversal techniques. They seem quite 
modest in computational cost, considering aeamesd unconstrained nature of the data 
structure describec'above. 


Compilation can be performed by instantiating frames for each of the entities 
described by a model. The precise way in which thig is done varies depending on the 
implementation. However, as noted in the previous-section, the use of globals indexed by 
strings in MUMES provides descriptive power efquivalent to structures aad property lists in 


saoel® 


Simulation can be performed by breadth-first propagation of perturbations among 
parameters as follows: at 


1. Initialize: Set all parameter values to normal and the status of all processes to 
active, ae 

2. Obtain, from the, user, the perturbations to. parameters and impairments of 
processes, Mark these accordingly and enter the pores pardinetess into a 
FIFO parameter-queue. 


3. Propagate: If there are no parameters in the parmmeter-queue then sop the 
simulation. Else, for each parameter in the pangmeter-queye add all agtive 
processes-influenced, at the lowest taxonomic level, toa FIFO process-queue. If 
an impaired process is -encousteréd then inform. the user and stop the 
simulation. 


4. Flush the parameter-queue. 

5. For each processée-in the processes-queve, if the processes has non-null 
quantitative-rules and its influencing-parameters all have non-null numeric 
values, then proceed numerically. Else proceed qualitatively. | 


6. Flush the process-queue, Go to propagute. 


15 In the following discussion all estimates of ‘computational cost are with respect to the number of entities 
described by a model, hence the number of nodes in the graph representing it. 
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7. To proceed numerically: Evaluate. cach quantitative rule apd assign the resulting 
value to the parameter-influenced. If the value is outside the pliysiologi¢ range 
then inform the user and stop the simulation. Else ae the clean 
influenced to the parameter-queue. Return. 


8.To proceed qualitatively: Evaluate. each; qualitative rule (by applying the 
semantics of the specified qualitativeioperatne) and:-assign the resulting value to 
the parameter influenced. If this value is not <unknown>: then ‘add the 
parameter-influenced to the parameter-queue. Return. 


This breadth- first propagation of perturbations might be exponential in the worst 
case, but, at any given taxonomic level, there. spems.to be. a) very dimited branching ‘factor 
(often 1), and hence only a handful of paths to be followed. Perturbations are propagated as 
numeric ‘values so long as they, and quantitative-rulés, to relate thea, are. available, When 
these are not available, propagation is continued on a qualitative basis. A trace is kept of the 
simulation, and, questions: of why something, happerted are canisiwvered’ by ‘itidicating the 
influencing-process, and its influencing-parameters, which caused, a parameter to change 
value, along with the corresponding quantitative rule ‘where apempriats, For-example: “In 
step n, alveolar pCO, (the parameter-influenced) was increased by increased FICO, (the 
influencing-parameter) through lower airways gas mixing (the came seead 


Regarding explanation, the description. of parameters. £ acest ‘and states is 
computationally straightforward and can be accomplished: by filing the following sorts of 
templates: 


ivf 


I, What is atesent 


<parameter) i isa physiologic. parameter, the uactaieess mesure in Cunits>, 
Its normal values are <lower limit> to <upper limit>, and its physiologic range is 
<lower limit to <uppes limit. It is <clinicel measurability> 20: measure in most: 
clinical settings. Increased <parameter> is called <increased state>. Normal 
<parameter is called <normal state>. Decreased parameter, is called. <decreased 
“Stated.” For mote information see <references>, dst . 


2. What is <process>? 


<process> is a <descriptive-level-of-abstraction> process, the <description>. It is 
a mechanism of <is-a-mechanism-of>, and serves to <teleology>. It mediates the 
influence of <influencing-parameters> on i sere grees ‘Increasing 
<parameter> increases, decreases] <parameter>, and vice-versa. The ~ 


38 CHAPTER 4 


inechaniaess: Of: sprocese . are <inreheatans) _ For mote information see 
<references>. 


3. What is <state>? 
<state> is a <deseriptiveslevel-of-abstraction> state characterized by L he 


normal, decreased} <parameter) ‘ismpaited <provese?} “For more i 
see <referenceD>:; 


Explanation of static relationships!® requires an algorithm to find a path formed by 
. influence links between two nodes in the directed graph representing 2 a model. This requires 
O(n?) time using the following tharking algorithm: 


1. Initialize: Mark the two nodes between which a path is to be cua each with 
its own name. Push these two nodes onto stack 4. Create an empty stack, B, 


2. lente tak A is empy then sp, aad camera inet 


an: abide or angi influence link (influenced node). 


a. If the influenced node is not marked then mark it with a list of names 
created by concatenating its mame tothe mark of the influencing node. 
Push the influenced node ontostack B: . rises 


b. If the influenced node is marked and if the first name in the mark lists of 
the influenced and influencing nodes are not equal, fen a’fath has been 
found. The path is described by the concatenation of the mark list of the 
influeacing. nodeand the reversal ofthe nak tat Ofte inftuenced node. 


5. Interchange stacks A and 8 Flush stack B Go to Heine: . 


This sasanas may be carried out one taxonomic level at. a time in order to provide 
increasingly detailed or increasingly abstract explanations. The limited integrity checking 
referred to in Section 3.1 also requires verification that a path exists, at-a given taxonomic 
level, between two nodes. It too can be performed using this same marking algorithm. 


16 answering the questions listed in Section 3.1 (What is directly influenced by, etc.). 
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4.5. Evaluation. Techniques _ 


The preliminary evaluation of KBPMS was carried out by the author in collaboration 
with the director of the "Matter and Energy” segment of the New Pathway curriculum. The 
performance of the final version of KBPMS and the contents of the respiratory model 
described in Section 4.2 were submitted for review, and subsequently approved by him. 
The author prepared a syllabus of educational objectives, a homework exercise, and an 
evaluation quiz in respiratory physiology which were also reviewed and modified by the 
curriculum director. These are shown in Appendix IV. The quiz contained 8 questions 
which were equally divided into two different types. Type I questions (1, 3, 5, and 7) were 
worded so as to be very similar to the questions which might be asked of the KBPMS 
program. Type II questions (2, 4, 6, and 8) were worded to avoid any such similarity. 


In January 1986, during the regularly scheduled pulmonary physiology segment of the 
New Pathway curriculum, the students. were given the homework assignment. A randomly 
selected half of the group was also given a diskette containing the KBPMS program and the 
respiratory model along with instructions on how to install and use these on their HP-150 
microcomputers, These students were asked to use KBPMS as an educational resource, 
along with their textbooks, class notes, and laboratory material, in completing the 
homework assignment. The students were not requested to hand in the homework and it 


> was never reviewed or graded. All the students were fully aware of the experiment in 


progress and their co-operation was solicited on an entirely voluntary basis. They were 
carefully informed that the results of the experiment would in no way influence their own 
evaluation in the physiology course. 


Ten days after distributing the homework assignments to all students, and the 
diskettes to half of them, everyone was given the evaluation quiz and asked to do it at home 
without referring to any educational resources (closed-book, closed-computer). Their 
collaboration was, once again, to be wholly voluntary. Following the quiz, the remaining 
half of the class was given KBPMS diskettes. On several different occasions, all the students 
were encouraged to submit their evaluation of the program’s pedagogic value. 


One month after the quizzes were handed out to the 24 students, 8 of them had been 
completed and returned. Of these, 5 came from the experimental group (those students with 
access to KBPMS while doing the homework) and 3 came from the control group (those 
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students who were given KBPMS only after the homework and quiz). In the same one 
month period, 9 students submitted their evaluations of KBPMS. 
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5. Results 


This chapter presents the results of the KBPMS project, dt describes. the prototype 
and final implementations of the intelligent ~~ modeling system a8 well as the 
_ Outcome of the een ue 


F 
ae H * 22h 
bpp FF. iS 


5.1. The Prototype Ienplementation — 


The prototype of the ‘intelligent. phys oh ! ic ; modeling on was coaacuciel in 
" MACLISP [44] and runs ona DEC-1080 mainffarse in Abe MIT, Laboratory. for Computer 
Science. The prototype implements all of the specified design features except for impaired 
physiologic processes. It has been fully debugged and tested using the model of respiratory 
physiology discussed in Section 4.2... Whem,ninning, daat modal, the -nrotetype: provides 
under two second tumaround time. for, bow. simulation and-explanation. ‘Finting stedies 
indicate that, the majority of compu 
output formatting, rather, ‘than. by pbe. Feasoning. inate Of :the: program”. 
Approximately one month of full, time ping was required to construct and 
| debug the prototype. 


7 5,2. The Final Naplmseaiuien 


The final version of KBPMS was constiuicted’ in DataTree PC/MUMPS/2. 1 (DT- 


MUMPS) {45} and niny ‘on the New dorauelont “150 ‘icicomputers, It implements all 
_ of the sptelfied ‘design: features finctid fed ‘process =), has been fully debugged, 
tested, and” was used by the’ New Pathway side Meith he respiratory model shown in 


‘Appendix I: When ninnitig'that niodel, KBPMS provi 315 to 30 second tumaround time 
for simulation and 3 to 5 second turnaround for explanation ation. Timing studies indicate that 
much of this overhead is attributable to graphics-related computation and, like the 
prototype, reasoning components of the program incur relatively modest computational 
cost!8, Approximately three months of full time programming effort were required to 
complete the final version. Appendix II lists the instructions for using the final version of 
KBPMS and Appendix III shows an interactive session which illustrates both its reasoning 


171: should be noted that MACLISP has extremely primitive string manipulation capabilities 


__ 8 7-MUMPS nunaing on the HP-150 has. very slow tonne tt trgimdmettie fictions. These are 
principally responsible reer —— a 


42 CHAPTER 5 


and graphics capabilities, 


5.3. Evaluation Results 


As mentioned Sevigny: all "4 New yeas ‘anadeate were” asked to do. the 
evaluation quiz on a voluntary basis and 8 of a returned the completed quiz to their 
instructor. Of the 8 quizzes, 5 came from the nental.greup (KBPMS access) and 3 
came from the control group (no program access). Table 5-1 summarizes the quiz scores for 
the two groups: Thé raw data bs presented in Appendix V. Type I questions are those which 
were worded to resemble: ‘KBPMS, “Type It ¢ que st are those which were worded to be 

dissimilar to it ee 


The results shown in Table 5-1 indicaté’ that the ‘experimental group ‘scored very 
slightly higher than the contrdl group overafl. ‘This rétitlohship Holds for Type tt questions 
- considered alone, but is reversed for Type T questions ‘considered done. ‘These results are 
not statistically significant because‘of the very smalf differences ‘and sample size. Cleatiy, no 

inferences as to the pedagogi¢'Valite of KBPNS may be drawh from this data 


As indicated previously, there was a wide variety of reactions to KBPMS among the 9 
students who submitted their evaluations of it. Some‘ fel that it Was an unnecessarily 
~ ‘elaborate way to teach very simple concepts... Others stqted.that. the. material cevered was far 
too advanced, or might be suitable only as a final review: aid rather. than.@ prispery learning 
resource. There were several comments. that occupied ap. ingermediate, position:.in ‘this 
spectrum of opinions. Appendix VI. sh WS some. of the studeps comments which: were 
"representative of each extreme as well as the me rene: ‘There,,wes, ao uniform 
consensus among the students’ opinions. ; i 


19 Unfortunately, severa). important featuees such .as the: ee touch _—~ screen esl interactive 
graphics are not amenable to presentation in this-priated: medium. 
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(all scores are %) 


Exper imental Control Both 
(m6) (mes) (8) 
Question Type mean s.d mean s.d mean s.d 
1 I 76 24 93 12 83 21 
2 Il 66 42 43 40 58 40 
3 I 75 18 67 29 72 21 
4 II 90 10 97 6 93 9 
) I 80 27 77 26 79 26 
6 II 74 37 100 0 84 31 
7 I 90 7 93 6 91 6 
8 II 72 23 40 35 60 30 
"All Type I Questions 80 20 83 21 81 20 
. AN Type II Questions 76 30 70 37 73 32 
“All Questions 78 25 76 30 77 27 


Table 5-1: Summary of Quiz Scores 
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6. Discussion 


Thiscchumiei beckon Gy describing. some of the strengths ant.weaknesses of the 
methods used in constructing KBPMS and their effects, on the pragram. This is-followed by 
a discussion of the. outcome of the evaluation: experiment and a consideration of possible 
directions for future work ‘suggested. by ‘this. project. ‘The chapter concludes by discussing 
some of the eae of this work, . 


6.1. The Strengths of KBPMS 


The principal advantage of the representational system employed by KBPMS is that 
the taxonomy based on processes’ levels of abstraction allows for explicit control of the 
depth at which reasoning for simulation and explanation takes place. This potential has 
been fruitfully exploited in the explanation section of KBPMS. This is illustrated by Figure 
6-1 which shows a question being answered at several different levels of detail”, . However, . 
“the potential’ power of the knowledge representation has $ not been { fully “exploited in this 
: regard by the simulation section. KBPMS, ‘like some of its predecessors (eg. NEPHROS 
[40]), performs simulation by the ropegation. of —* at only the most detailed 


oe, 


taxonomic level. : 


The major advantage of the sisdiioiaa desu used in KBPMS..is its ability to 
combine numeri¢ and qualitative values, As shown by the simulation in Figure 6-2, numeric 
values are used ‘whenever they are available and appropriate, with qualitative values being 
used otherwise. This approach is consonant with-both clinical and teaching practice nee 

only incomplete numeric data is available, as in mst real-world situations. 


Another strength of KBPMS is its eoicbicnaiot of physiologic entities as having 
meaningful internal structure. The examination of this internal structure is the basis of the 
_program’s explanation capabilities. The need for sound explanations based on physiologic 
pfineiples has-been one of the driving forces in Tecent MAT teseareny, a8 discussed Tit Séction 
2.2. Certainly the importance of explanations cannot be overlooked in a teaching setting. 


The simulation and explanation algorithms described in Section 4.4 have been quite 


an interesting related point is whether the strategy of generating such explanations in a top-down manner 
(most abstract explanation first), as done by KBPMS, is indeed pedagogically preferable to the inverse strategy. 


46 | CHAPTER 6 


Figure 6-1: A Question Being Answered at Several Different Levels of Detail 
Q: What directly tnflaexces CO2 excratfon rate (VEOH) 7 


S Ar Thts questton may be answered at four different levels of detail. At the 
most abstract level, CO2 excretion rate de directly influenced by ‘metabolic 
COZ production rate through C02 elimination. Ate worg.detallag jevel, C02. 
excretion rates directdy inf tueiced by arterial co? through respiratory 


control of pCO2. At an even more detailed. level, CO, mpetetion rate: 18: :. 
directly influenced by respiratory rate and tidal volume through pulmonary gas 
exchange. At an even more detailed level, C02 excretion rate is directly 
influenced by alveolar pCO2 and alveolocapii tary.(Q2. diffusiga rate: through | 
alveolocapillary diffusion. Be ES EEE eg 7 
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Figure 6-2: A Simulation Showing Mixed Numeri¢ and Qualitative Capabilities 


3 -, . Be ais WeSsich SOREL 2) Dede GEE 
In step 1, dead space=260 ml (increased), respiratory rate=20 breaths per min 
(increased) Lie. hyperpnea] end tidal volumes350..m) (decPedsed) is specified 
‘by the user. , : ee ae ae ae 
In step 2, bulk gas’ f¥ew medtates ‘the following influence: VAsRR*(VT-VD). -- 
Since respiratory rate=20 breaths per min (increased), ‘tidal .volume=360 ml 
(decreased) and dead space=250 mi (increased), therefore alveolar 
ventilation=2000 ml per min (decreased) [ie. alveolar hypoventilation]. 
In step 3, alveolar pC02 is increased. by decroaged alvgoler ventilation (2000 
~ ml per min) through tower’ airway gasiaixing. ~~ . 
In. step 4, CO2 excretion. cate. ia dechesséd: ‘aad: ur terial pCO2 is increased [te. 
hypercapnea] by increased alveolar pCO2 through alveqlocaptilary. diffusion. | 
In step 5, respiratory rate #8 fubther trereased (fe. dugmentéd hyperpnea] and 
tidal volume is increased toward normal by ipcragsad arterial pCO2 through the 
medullary chemoreflex, ~~ ir ae ake tS 
In step 6, alveolar ventilation ts increased tdward Hormel [te. diminished: 
alveolar hypoventilation] by increased respiratory rate and: increased tidal. 
 vatume through Qult: gée'#tow;: Boe ee earie ~ 
In step 7, alveolar pCO2 is decreased toward normal by increased alvectar | 
ventilation through lower airway gas mixing. 
In step 8, CO2 excretion rate is increased toward normal and arterial pco2 is 
decreased toward normal [ie. diminished bypercapnsa] iby degreased alveolar 


‘pCO2- through atveciocapfl lary diffusion. — 


tigt to Weed ae 
oa mw L a ee 


en 


3 fafa ae ms eae Ei 
ca srengnaovedinan chee sentaag tp etteceeenencetonre prrsees erm eee ees! bobecser! Sel os hee Laces La 
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efficient in practice. The reasoning features of both the- preliminary and final versions of 
KBPMS have incurred only minor, computational casts relative to far more: “mundane 
features of the programs, such as string manipulation and graphics respectively. This would 
tend to confirm the iatwition that: KBPMS is suitable for modeling severat’ overlapping 
aspects of human physiology, each of which slat boson he samee onder of sqniaade as the 
present respiratory model. 


An aivneace’ which is closely related to efficiency is. the simple overall structure of 
the modeling system. . This has permitted its implementhtion usirfg standard programming 
technology (ie: an. imperative, procedural, ‘programming: language, without: specific: list 
processing capabilities) following’ ‘its initial’ development and refinement in a LISP 
enyjronment. This is an important consideration i in view of ‘the: resource: ‘and compatibility 
constraints imposed ‘by the microcomputer setting in which the program was to ‘be 
ultimately used. 


Other advantages of the intelligent modeling” ‘guen . igi its ability to 
accommodate synonyms and its friendly user interface which incorporates interactive 
graphics, Together, these features greatly enhance the flexibility which seems particularly 
Suited: to-a learning environment. The ‘synonyms " are “also appropriate to the task of 
a yocabulary building which was proposed as one of the. software modules for the New 
"Pathway (Table 1-2, page 6. 


6.2. The Weaknesses of KBPMS 


The most fundamental limitation of KBPMS is. its. gross. simplification of real 
physiology. This simplification is manifest i in several different ways, Most injportant is that 
the conceptual framework of parameters, processes, states, and. steps. is substantially 
insufficient to capture the’ full richness of this domain. Thus KBPMS has no explicit 
description of rate limited processes, quantity thresholds, parallet: mechanisms, interaction 
of primary and secondary influences, and many. other important physiologic concepts. The 
program also lacks a coherent notion of such processes as diffusion, bulk flow, and 
electromotive i ion transport, which are a more fundamental aspect of physiology than the 
body-system-specific models which it manipulates. Processes are unrealistically restricted to 
the binary status of active or impaired, and cannot represent the typically partial or altered 
functionality associated with most pathological conditions. 
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Simplification. is also @ liability in both: the quantitative and qualitative simulation 
meshods. employed. by: KBRMS.- Numerical ‘Operations: are permitted ‘on only the static 
__ Values of parameters, and the‘ program: therefire tacks ‘the: fill descriptive power of a 
_. differential equation modes . | Qualitative reasoning id restritéd'td the apptication ‘Of two 
+ Qperators relating, eight possible: values, Parthérmdre; ‘the Geftt Sng of these values blur 

_the distinctions. between the magnitude, direction of-etellige: rate of chiatize, andthe’ past 
history of a parameter. Temporal relationships beyond simple ordering are entirely 
ignored. 


States are also greatly simplified and allow for the description of only a single 
perturbed parameter or a single impaired process. In reality, a pathological state such as 
adult respiratory distress syndrome is associated with a large number of such perturbations 
and impairments. 


The limitation of carrying out simulation at only the most detailed taxonomic level 

was referred to in the previous section. A consequence of this is the program’s 
inappropriate response to the impairment of processes which are at a more abstract level. 
For example, if the process of CO, elimination shown in Figure 4-4 (page 23) was impaired 
but the other processes shown in the Figure were active, simulation would proceed 
. » unaffected by the impairment. A possible remedy would be to propagate all impairments 
through to the leaves of their taxonomic trees. However, in this example, as in most 
situations, this would merely cause simulation to stop altogether as all pertinent processes 
would be impaired. 


Another weakness of the process taxonomy is that it is not really strict. A low level 
process such as diffusion is a common mechanism of several more abstract ones. The desire 
to maintain a strict taxonomy necessitates the somewhat contrived definition of tissue 
capillary CO, diffusion, alveolocapillary diffusion, and lower airways gas mixing as distinct 
entities (processes). Clearly, each of these is fundamentally the same physical phenomenon, 
but that knowledge is not encoded in either KBPMS or the respiratory model. 


A specific weakness of the present respiratory model, which is not an inherent 
limitation of KBPMS, is the lack of separate descriptions of the arterial, capillary, and 
venous portions of the systemic and pulmonary hematogenous circulations. The current 
respiratory model implicitly assumes that co, is exchanged between the alveoli and the 
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systemic arteries. This simplifying. assumption Jeads #0. specific: ianocuracies ‘in ‘simulation. 
For example, if one starts a simulation by increasing métebslid CO, production rat; as in 
Figure 6-3, then the program shows that slveolar-pCO;(pAOO,) Hdectedséd in step 6. 
Each inference madefrom step |.to-step & is-commbt.but thecesult- ie viot. ‘The model is 
__ incomplete and neglects 0 .consider. the increased pOO,<in Jepstecaie ‘vein hence in 
pulmonary arteries and. capillaries, which would: diffuse -iese-che'<alveoti’ dnd: increase 
pACO, => gS 93 ee ee a 
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Figure 6-3: An Incorrect Simulation 


In step 1, ‘metabolic coz product ion rate is increased. as specified by the 
-. User, - 
In step 2, capillary pCO2 is increased by increased: metabolic C02: production 
rate through tissue-capillary coz diffusion, 
In step 3, arterial, pC02 is. tatreased [ie. hypercapnes] ‘by increased capillary 
~ pco2 eyeee circulatory flow. 
In step 4, respiratory rate is increased [ie. hyperpnes] and tidal volume 1s 
increased by increased artertal pCO2 through, the-medul lary! chemoreflex. 
Im step 6, alveolar ventilation is inersg ased Lie. Alveolar. hyperventilation} 
by increased respiratory rate ‘and AnePeased tidal volume TBP ONDS Bulk gas 
flow. 
In step 6, alveotar pC02 ts decreased by ‘increased alveotar ventilation 
through lower. airwey gas mixing.;  ~ . 
In step 7, C02 excretion rate is ‘increased ang arterial. “pco2 is decreased. 
. toward normal (ie. diminished: Wypercapies] by” ‘decreased alveolar pcoz through 
alveolocapillary diffusion. . bods fe oF 
In'step 8, respiratory rate is decreased toward normal ie. diminished 
hyperpnea] and tidal volume is decreased toward normé¥by decreased arterial 
pCO2 through the medullary chemoreflex. 
In step 9, alveolar ventilation is decreased toward normal [ie. diminished 
_ alveolar hyperventilation]..by. degreased reepiratory tate one: decréuset tidal 
“volume through bulk gas flow. 
In step 10, alveotar pCO2 is increased. toward ‘normal ‘by ttecrotsea alveolar. 
ventilation through lower airway. gas mixing, oe 
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6.3. The Evaluation Experiment 


Many of the above strengths and weaknesses of KBPMS. were suspected at the start of - 
this project. Less*well understood, and therefore of greater interest, were their. potential 
ramifications for the program's utility as a'teaming resource, Unfortu} ately, even. relative to 
the modest objectives outlined in Section.3.3, the evaluation experiment must be considered 
unsuccessful. The meager data which. were collected cannot, Support. any substantive 
conclusions regarding the program’ 8 pedagogic: value. The most obvious | reason for this lack 
of success 'was the small number of New Pathway. students who complied with the request 
for voluntary participation in the homework. exercise and . quiz. . . This somewhat 
uncharacteristic lack of enthusiasm was, in tum, the consequence Of'several distinct causes. 
One cause was a severe crowding of | the students’ schedules j just. when: this: experiment was 
underway. Even given that medical students are shepnicalls overburdened they were rauch 
busier than usual at this ime, - 


A second reason for. the students’: unenthasiastic response was the: lack of advance 
notice given to all concerned. regarding. KBPMS. and. the: -exaluation experiment. The 
program and evaluation instruments were’ first subrhlttéd to ‘the curriculum director six 
wecks before the start of the respiratory physiology course. In retrospect. a.lead- -time.in 
excess of six months would, haye been far move. appropriate,-This would have allowed 

“KBPMS and the evaluation experiment to be percolate through and be iodified by various 
curriculum and departmental committees, thus becoming .a fully. integrated-part ofthe New 
Pathway. Instead, both KBPMS and the evaluation experiment were regarded by the faculty 
as last minute?!, ad ‘hoc, add-ons. They were presented to the students as such, and in view 
of the students’ already hectic schedule, their ultimate response seems altogether 
appropriate, 


Another disincentive to widespread use of KBPMS by the New Pathway students was 
an operating system bug which initially-prevented some of. them from Joading the prograrh 
anto their microcomputers. However, the most important: reasons for the poor studertt 
response were likely. related to the previously indicated weaknesses of KBPMS itself, to its 


slow response ‘times on. the HP- -150, and to the overly simplistic gature of the respiratory 
model. Because of these and because KBPMS had not been fully integrated into, their 


21ty fact, the program was distributed to the students just as they completed their study of ‘pulmonary 
physiology and moved on to the renal segment of the course. 
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curriculum, many studeats did not regard: it .as- sufficiently ‘relevant to their immediate 
learning needs to merit.even the modest:investment: of time and effort (pettiaps half an 
hour) required to bepome. well acquainted with:its use. Furthermore, » detailed laboratory 
type exercise which.might have “led. the sudents through’: thé: program's capabilities was 
not provided”, Overall, insufficient attention was paid to the pedagogic and student 
interface issues relating to KBPMS. The failure of this expfuasion eaperiment reinforces ‘the 
importance of these issues and a. that they merit ingreased consideration i in future 
work of this type. e 


In addition to the small student response, there w were a ‘number of serious limitations 
in the design of the evaluation experiment’ ‘which iiiehe also t have ‘diminished the validity of 
its results, Even if all 24 neceats ac etarmee ene ae oe would sf fave been a small 
sample size, atd'an unteatistically large ditictente: ‘th stores 
statistical significance”, In addition, with such small ; 
students might not have resulted in an “equitable distribution of a ace the two 
groups, Since both the hontework and quiz: ee eee 
it is difficult to know how ee ie bee many 


students reafly completed the quiz closed-book. and so.fosth.... res 

7 Yet another limitation of this ee ee lay in the nature of the 
outcome. being» measared. The gous of the’ New Pathway’ Uta the nat uisition of aptitudes, 
skills; and knowledge which might éjuiip physidians Por alifelong learning peoggss, The role 


of information technology in the New Pathway is to nate resources to facilitate such 
lifelong. learning and ta initiate: aacbencourage nepaherae ~Adtetfiptinig to evaluate 
such an effost by measuring the students’ ndwiedge of fespirat 

using a simtfation program tig thrblévaiit oF eve dat i 


modeling. system. ag a small part: of a targe edusationill axpovinient 
rot te nor ony ear ken dea We Ne lel el 


sted HA 
if studertt and: faculty i fespo , 


22the homework assignment shown in Appendix IV was much loo general for this purpose. 


234 scuming standard deviations of 20%, a difference of 11% in mean scores would have been required for 
p<0.1, and a difference of 20% would have been required for p<0.01, using a one tailed t-test. 
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use. and development, then: such modeling. will have been: ‘demonstrated to be a useful 

» educational aid, and. vice-versa. However, this ater outlook does hot Suggest an effective 
- Means. of assessing preliavinary progress: toward tire ‘wltimate ‘education goal: Evidently, the 
meaningful evaluation of this type of project temains a very substaiitial challenge, - 


. 64, Directions for Future Work . 


‘Viewed from a somewhat more optimistic perspective, the outcome. of the seahuadon 
experiment supports the assertion that KBPMS is at least potentially exploitable as a 


learning resource and, along with the Preceding discussion:of the, program's strengths and 
| weaknesses, suggests the following directions for future work: 


Enhancement ef the respiratory. model: to-inolude separate i canciigists of the 
arterial, venous, and capillary parts of the pL aaa a agiterr eae yee 
It also seems worthwhile to add a description, of en ee 
pertinent aspects of acid-base j —- 


e Repetition of a modified. srabation experiment wth «longer tint apn, better 
student interface. materials, and closer coll with multiple members of 
the New’ Pathway faculty. Evaluation of. KBPMS | in a different educational 
setting would also be of interest. © 


_, .~ © Development of ag: authoring module to facilitate the construction of models of 
other aspects of physiglogy. and the construction .of several. suds models, 
Cardiovascular, renal, and endocrine physiology, all seo well. suited..for this 

_ Purpose. 


. Enhancement, oF inde toscana mene ola representation and 
reasoning capabilities. The. use of.a diffegential equation modal-for numerical 
simitation and a QSIM-like [39] algorithm for qualitative simulation might be 
good frstisteps it this direction. 


“ + Te pfu, apoenly momo moar of at a“ _ be . 


aie techies upon which one aah build a more intelligent physiologic 
modeling system. 


DISCUSSION . . 3S 


6.5. Non-Technical Implications of this Project © 
techniques and resources to the 


This project has attempted to apply computa ional 

goal of advaricing ‘thedical education within the framework Sf the Haryard New. Pathway. 
Although this'work has been both preliminary and limited in scope, it seems worthwhile to 
consider sorne potential implications of the COUTSE, which we have begun to chart. The 
philoséphy ‘and objectives’ of the New Pathway were “described in Chapter 1 Might 
KBPMS ‘(or its stiteéssors) impinge on ‘this philosoy : eyOl 
immediate ‘technical domain ‘of the work itself? It would , op sar that intelligent physiologic 
modeling has several ‘such’ broader impioons and dt a least the Hellowing two are 
eel rece eine ee mi St dive ac 2 REE 


“One non-technical implication of this project relates to. the: New. Pathway’ s objective 
of teaching fundamental: attitudes, skills, and knowledge’ By advocating KBPMS as a 
tem ing to impart, not only knowledge of physiologic 
mechanisms, but also’ the attitude that these mecharlinis and°s ‘fandaineitally ‘important 
aspect of medicine. This attitude is certainly concordant with the reductionist traditions of 
modem biomedical: scienice™ but, ai-recdgnizett by the fevelopels of the New Pathway 
[8] and ‘by the authors of the GPEP’ Report {7}, fedirhing stich’ mechanisms i is but: one aspect 
of general. medical education. For exatiiple,” effecttit "7 prevention, ‘intervention, and 
~ pehabilitation for respiratory disease depends’ not’ ‘only’ ‘On ‘fhe: ‘sort of méchanistic 
understanding of pulmonsty physiology ‘which the presénUKBPMS ‘inodel might ‘foster, but 
also on insight into the epidemiologic, sociologic, and behavioufdl“aspects of such things as 
cigarette smoking, occupational exposure to particulate toxins, init airborne environmental 
pollatants. Of coursé’ the teaching of respiratory physio! 6 With 0 of without the aid of 
KBPMS, in io way-precfades consideration Of epidelttiotigic,’s ‘sociologic, or behavioural 
aspects of medicine: atid these subjécts have eich teen gfven a place in the New Pathway as 
well ag in many tradigonal medical cutriciila.” itié-lesa, it seems prudent to recognize 
that this project has emphasized and reinforced but a single narrow aspect of medical 
education and has entirely ignored many other, equally important, aspects of this diverse 
process, 


2415 fact, the current primacy of the mechanistic, reductionist, and rationalist viewpoint in medicine has been: 


challenged from several different quarters [46, 47, 48, 49, 50, 51, 52], but a detailed consideration of this debate is 
beyond the scope of the present discussion. 
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Another non-technical implication of this work. contesas .the appropriateness of 
computational metaphors for physiologic (living) entities, The pe neLers, | states, 
and steps described in ‘Section 4] area simple example of ‘such a metaphor, and one whose 
limitations are readily apparent. ‘The schematic of HUMAN [23] shown i in Figure 2-1 (page 
11) represents a more elaborate example of such ag hor. How much further might 
metaphors of this sort be extended? Guyton’ 8 Textbook of ‘Medical Physiology {42}, one of 
the references upon which the respiratory model used in this, foie ct Was. based, suggests 
that computational metaphors of human life are applicable without. limit, In this current 
international standard medical text, Guyton introduces his readers 0, their topic as follows: 


“Human Physiology. In human physiology we attempt to:éxplain‘the chemical reactions that 
occur in the cells, the transmission of nerve impulses from one part of the body to another, 
contraction of the muscles, reproduction, and even. the minute det Of sransformation of light 
energy iitto chentical Suérpy Ww éxeite the eyes, thus allowing us to'see dhe world. The very fact that 

we are alive, is almost beyond.pur control, for, huaget.makes:us suck (00d and fear makes us-eeck 
refuge. Sensations of cold make us provide warmth, and other forces cage o,s9ek fellowship and. 
- geproducs. Thus the hana teing %s actually ari aucditiainn, atid’ the Tact ‘we are seating, fecing 


and knowledgeable beings is part.of ann eee re 


| Thus the human being is. scaly mtomasentt. Not. only: is this statement 
preposterous, but the very need to refute it supports: Weigenbaura’s concept of the prevalent 
“madness of our times.” [53] (p.227) Because of its: application: of attificial:.inteltigence 
‘e\teehniques to human Physiologie, simulation, the work.of this project: might be.construed to 
somehow support, such absurd, notions, It is therefore impertent:to: both ‘recognize: and 
clearly state that it does. not, _ 


. The above are significant implications which extend well teed: the salina aen 
_ of this project and it would be reckless to lose sight. of these, broader issues ag we become 
“engrossed with the details of our task... As responsible. professionals,.:ik: behooves. us to 
“consider not only how, but also why, and, at. what cost.we might ee Our work. . 
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7. Summary and Conclusions 


The project. described i in this thesis larcrpilendst the. pee ‘iialesantitio and 
preliminary evaluation of an intelligent. physiologic modeling: system: for: use.as a medical 
~ education resource. This knowledge based physiologic medeliews ayatem (KBPMS):has been 
developed within the context of the New Pathway, an experimental curriculum at Harvard 
Medical School. ‘The. central. goal.of the: New Pathway. is: to equip future physicians with a 
set of attitudes, skills, and knowledge which. will psepase:thenr foe. lifelong. professional 
learning as.a. prerequisite. to. competent practic, The role of information technology if the 
New Pathway is to, provide resources to, facilitate euch. —— —— and to titiete and 
" encourage students in:their use, : 


‘The development of KBPMS is. s based on camisdeas oak in:application of coxnperters 
. to, education and in computer based. physiologic madialigg, da.the former area it is most 
closely related to intelligent computer assisted inatrugtion, suioring, and coaching systems. 
in the latter field it draws on aspects of numerical, -goodeling, causal. reasoning, .and 
qualitative simulation. 


__ KBPMS is designed to carry out compilation, sigulation, explanatioa, and verification 
_ of models describing. various aspects..of physiology, These models: describe physiologic 


a entities and events in a simplistic conceptual. context  madm wp. of. parameters, processes, 


states, and steps. The entitigs making up amodel aretaxqnomicelly gteuctured by:their level 
of descriptive detail, The models are represented in a unifores frame based, language and 7 
variations of simple graph traversal algorithms are used to carry out the functions of 
KBPMS. 


KBPMS was originally implemented as a prototype in LISP on a large mainframe and 
subsequently in MUMPS on the New Pathway’s HP-150 microcomputers. The final version 
augments the prototype’s capabilities with a friendly user interface incorporating interactive 
graphics, Both versions have a small model of carbon dioxide homeostasis by the 
respiratory system. 


An evaluation experiment was undertaken to assess the pedagogic utility of KBPMS. 
A quiz in respiratory physiology was given to all New Pathway students after a randomly 
selected half of them had completed a homework exercise using the program, while the 
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other half of the group used standard educational gesources, Poor student.compliance with 
this voluntary experiment and numerous methodologic difficulties preclude substantive 
conclusions based‘on the data-collected.“Though anecdotil eviderict, along with student and 


- faculty. comments, suggest that KBPMS soight have poet as ‘Teaming resource, that 
» potential: a “ 


Them major engin of KBPMS iticludeé the explicit retention of processes” levels 
_ of. descriptive detail; combined numeric did xjuatieati ve simatation ‘capabilities, explanatory 
powers, and a simple overall structure!’ The’ priticipal weakness of" RBPMS is ‘gross and 
occasionally. misleading simpfification Of real’ phy@okiey:"THS project Sugpests that ample 
work remains to be done in enhancing both KBPMS2itd the ‘tespiratory todel, in 
constructing models of other areas of physiology, in pursuing a more sophisticated 
evaluation effort, and in developing new tectiniques fipon which fut ‘systems of this type 
might be built, ‘This -work:stso tas sight ficant’ noti-te in ns relating t 
nature and purpose of ineiicat ecacabin's well as tothe’ spprdbttdteness of coms 
metaphors applied to living entities, ON EE ee Ce ee 


In conclusion, the results of this project indicate that an intelligent Physiologic 
modeling system can de: constructéd ding: the limtited: resources ofa tnictocomputer. This 
_ system may be of potential pédnpogic Value in 4 medical education setting, but it needs to be 
evaluated in both: a catefut and ‘patient ‘mannét * Mich Resin remains bo be done in 
-enharicing many aspects of the wystenn “and"ih initegtati 
er ee a a 
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Appendix. 
The Respiratory Model 


The following is the frame based representation of a model of carbon dioxide 
homeostasis by the respiratory system. This model was prepared .using the textbooks of 
Guyton [42] and West [43]. A formatted copy of the final MUMPS version is shown. 


ALVEOLAR-HYPERVENTILATION 


DESCRIPTIVE -LEVEL-OF-ABSTRACT ION: phys telogtc 
NAMES: alveolar hypervent1}etion She 
PERTURBATION: iacreased 

ALVEOLAR-VENTILATION 
TYPE: state 


ALVEOLAR-HYPOVENTILAT ION 


wee mee memo e mew ew wan 


DESCRIPTIVE ~LEVEL-OF -ABSTRACTION: physiologic 
NAMES: alveolar hypoventilation 
PERTURBATION: decreased 
ALVEOLAR-VENTILATION 
TYPE: State 


ALVEOLAR-PCO2 


Comme mew wee 


ASSOCIATED-STATES: WIL 

WIL 

WIL 
CLINICAL-MEASURABILITY: possible but unusual 
DEFAULT-NUMERIC-VALUE: 40 
DEFAULT-QUALITATIVE-VALUE: normal i 
DESCRIPTION: partial pressure of cabon dioxide ta alveolar gas. 


GLAB:  pACQ2 
ICON: - 96876 
- 333333333333 
1 
4 
46 


INFLUENCING-PROCESSES: PULMONARY -GAS- TRANSPORT 
LOWER-AIRWAY-GAS-HIXING 
NAMES: alveolar pC02 
pAcoz 
NORMAL -RANGE : 38 
: 42 
PHYSIOLOGIC-RANGE: 16 


1 
PROCESSES-INFLUENCED: ALVEOLOCAPILLARY-DIFFUSION 
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REFERENCES: Guyton pp. 496-496 
West pp. 16-17 

TYPE: parameter 

UNITS: mm Hg 


ALVEOLAR-VENTILATION — 


wee wees ssanwasance 


ASSOCIATED-STATES: ALVEOLAR-HYPERVENTILAT ION 

NIL 

ALVEOLAR-HYPOVENTILATION wae 
CLINICAL-MEASURABILITY: possible but unusual 24 
DEFAULT -NUMERIC-VALUE: 4200 
DEFAULT-QUALITATIVE-VALUE: normal . 
DESCRIPTION: rate at which new air enters the siveolit 


GLAB: VA 

ICON: 7 
0 
1 
4 
45 


INFLUENCING-PROCESSES: BULK-GAS-FLOW 
NAMES: alveolar ventilation 


VA 
NORMAL-RANGE: 3000 
7000 
PHYSIOLOGIC-RANGE: 1000 
10000 


PROCESSES-INFLUENCED: LOWER-AIRWAY-GAS-MIXING : 
REFERENCES: Guyton pp. 484-486 
West pp. 15-17 
” TYPE: parameter 
~'. UNITS: ml per min 


ALVEOLOCAPILLARY-C02-DIFFUSION-RATE 


ee eee rrr ree ee) 


ASSOCIATED-STATES: WIL ne 
NIL = 
WIL 
CLINICAL-MEASURABILITY:  posaible but unusual. 
DEFAULT-NUMERIC-VALUE: = WIL 
DEFAULT-QUAL ITAT IVE -VALUE : normal 
DESCRIPTION: rate at which carbon dioxide difuses accross tho! aleotoca 
. pillary basement membrane 


GLAB: BC02 
ICON: 1 
.6 Pra : ve 
1 ‘e 
4 aaa 
45 eRe ae 


INFLUENCING-PROCESSES: WIL 

NAMES: alveolocapillary C02 diffusion rate 
Dco2 

NORMAL -RANGE : WIL 

PHYSTOLOGIC-RANGE: WIL 


i REM Ton ee 


$ TOFLUEUCED: > heard nbimpianescge :2UTATE-T 1UAI36 

: ak Oe fyucits semulov 2np Yo wold -HOITS1H9C36 

fegteesg WOT TIAN TEBA- 30- 33N3)- ~9vI 19199230 
“OES gag .BAlD 

esiss. BOOT 


18080000003! - 
Bes angst ha tonaas SiAM-YNOTARLSEDR :ARATMARAG-DHTDNU EE 
IO ET 
Sa = Rsursiiccaicoee’ “Remebnanogs- eae 


ig : BRET WAL 
® perma 


f eas of} sag , 
aR _ se aN - ~2R TT SMART 
maualeeea 1 8350R- IVITATEIAUS 


Giaer are TREE: 
rom: STAI TUBV-RA: JOA: 498 STAR 


— BOTTA LL TM3V-RA JO IV IR: Mi HV - IML 
i BOT TALL TRIV- RA IOSV IA A JAGAN 
¥- pat pe) PEAA-VROTARESS 39 2801 FALE TREY RA IOIVA "183508 - BVI TATE TRAUD 
t* eit Wr rget as 


Ur wen T-benn Tons: 2IMARITIA 
V3 J-SIMONORAT 
2¥90104.137 
 pepaotq a9¥T 


a vein 
“teseun fwd oiatasea. “MTL STAARURAIM- JATINL 19 
: | Fa ty “FAV 31 Rp-T dUA 1 
tewren . : MAIAV-AYT FAT 1 JAUO- TIUAI30 


“atta: atanseqe #42 at eptxoth veqien, 1 te wheres fetfeag .. :#0179199230- 
Beet: ¥t 


‘pusritass 3 23Man 


ot, oh  daaan-.puinon : 
oe ace Stk i SAMAR TOO JOT ETH 
_ VOSI-YROTAINID YIM IIIML 232229088 : 
saat Pea mertot : 2300383918 


Seaneuccaccas ma , " : ~ : : ae ois Pg tee 2TH. 


_ ASSOCIATED-STATES: core 


we eee 


13098- “HAAS 


68 ‘ APPENDIX I 


DEFAULT-STATUS: active ™ 

DESCRIPTION: flow of gas volumes through ‘the ‘trapneatiroch ial tree 
DESCRIPTIVE-LEVEL-OF-ABSTRACTION: physical Z 
GLAB: gas flow 


ICON: - 63126 
. 166666666667 
1 
3 
90 
INFLUENCING-PARAMETERS: RESPIRATORY-RATE 
TIDAL -VOLUME 
DEAD-SPACE 


IS-A-MECHANISM-OF : PULMONAR Y-GAS- TRANSPORT 
MECHANISMS: NIL | 
NAMESS © Bude gas frow 
ges flow 
PARAMETERS~ INFLUENCED: ALVEOLAR-VENPTLAT IO 
QUALITATIVE-RULES: RESPIRATORY -RATE->M+ : ALVEOLAR- VENTILATION -y 
TIDAL - VOLUME - M+: ALVEOLAR-VENTILATION 
DEAD-SPACE - >M- : ALVEOLAR-VENT ELAT 108 
QUANTITATIVE-RULES: " ALVEOLAR-VENTILAT ION’ = RESPIRATORY- Saas es TIDAL-V 
OLUME' - 'DEAD-SPACE' ) 
REFERENCES: Guyton pp. 484-486 ’ ooh et deat 
West pp. is- 19 ie : 
TAXONOMIC~LEVEL: °° & 
TELEOLOGY: NIL 
TYPE: process 


CAPILLARY-PCO2 


ASSOCIATED-STATES: WIL 

WIL 

MIL 
CLINICAL-MEASURABILITY: possible but unusual 
DEFAULT-NUMERIC-VALUE: ‘MIL 
DEFAULT-QUALITATIVE-VALUE: normal 
DESCRIPTION: partial pressure of carbon dioxide in the systemic capilla 


LoS EQ 


ry blood 
GLAB: cap pC02 
ICON: .2126 
5 
1 
4 bgt 
46 


INFLUENCING-PROCESSES: TISSUE-CAPILLARY-CO2-DIFFUSION..... 
NAMES: capillary pCo2 Vee py ae a 

systemic capillary pC02 

cap pC02 fe da 
NORMAL-RANGE: NIL os 
PHYS IOLOGIC-RANGE : WIL 
PROCESSES~ INFLUENCED: CIRCULATORY -FLOW 
REFERENCES: Guyton pp. 606-507 
West pp. 72-74 

TYPE: parameter 
UNITS: am Hg 


atelier tba aaietel 
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CIRCULATORY -FLOW 


ASSOCIATED-STATES: WIL 
DEFAULT-STATUS: active ; 
DESCRIPTION: bulk flow of blood through the circulatory. system. 
DESCRIPTIVE-LEVEL-OF ~ABSTRACTION: onesical. 
GLAB: circ flow 
ICON: . 3876 

-5 

1 

3 

90 
INFLUENCING -PARAMETERS : CAPILLARY-PCO2 
IS-A-MECHAWISM-OF : CIRCULATORY -CO2-TRANSPORT. 
MECHANISMS: WIL . eee - te oe 
NAMES: circulatory flow : ; - im 

cire flow oH : 
PARAMETERS- INFLUENCED: PCO2 
QUALITATIVE-RULES: CAPILLARY-PCO2->M+: PCO2 
QUANTITATIVE-RULES: WIL 
REFERENCES: Guyton pp. 604-616 

West pp. 67-63. a Ss as 
TAXONOMIC-LEVEE:® '> , fe 
TELEOLOGY: transport metabolic substrates and 4 byprogucts: taroughous the 
body & 

TYPE: process 


CO2-ELIMINATION 


wee een tonne eewwe 


ASSOCIATED-STATES: WIL Sapte: 

DEFAULT-STATUS: active 

DESCRIPTION: removal of the carbon dioxide, a universal metabolic bypre 
duct, from the body 


DESCRIPTIVE -LEVEL-OF -ABSTRACTION: physiologic z is he os 
GLAB: C02 elia oy, 
ICON: 5476 

. 833333333333 

1 

3 

90 


INFLUENCING-PARAMETERS: METABOL IC-CO2~PRODUCT ION-RATE 
IS-A-MECHAMISM-OF: HOMEOSTASIS 
MECHANISMS: CIRCULATORY-CO2- TRANSPORT 
RESPIRATORY -CONTROL-OF - -PCOZ Be aks 

NAMES:  CO2 elimination‘ ehh ins - ott 

. C02 elim Bag oe : 
PARAMETERS- INFLUENCED: CO2- -EXCRETION-RATE | 
QUALITATIVE-RULES: METABOLIC -CO2-PRODUCTION- RATE- be 3602 - EXGRET ON RATE :- 
QUANTITATIVE-RULES: = MIL 
REFERENCES: WIL sei es oes, wee ae 
TAXONOMIC-LEVEL: 1 | int eB jibe ata tig ., 
TELEOLOGY: WIL *~ Abin SH oe 
TYPE: process 


THE RESPIRATORY MODEL 


CO2-EXCRETION-RATE 


ASSOCIATED-STATES: WIL 

NIL 
WIL Hn 
CLINICAL-MEASURABILITY: possible but unusual ‘ 
DEFAULT-NUMERIC-VALUE: NIL 
DEFAULT-QUALITATIVE-VALUE: normal AD 
DESCRIPTION: volume of C02 exhaled per ‘unit tine 


GLA8: vC02 are 
Icow: 1 a 
.666666666667 
1 
4 ae 
45 


INFLUENCING-PROCESSES: CO2-ELIMINATION 
RESPIRATORY -CONTROL-OF -PCO2 
PULMONARY -GAS~EXCHANGE 
ALVEOLOCAPILLARY-DIFFUSION 

NAMES: CO2 excretion rate 

vco2z 

NORMAL -RANGE : WIL 

PHYSIOLOGIC-RANGE: WIL 

PROCESSES- INFLUENCED: NIL 

REFERENCES: Weat p. 16 

TYPE: parameter. 

UNITS: 1 per min 


DESCRIPTIVE -LEVEL-OF -ABSTRACTION: pathophys jotogic 
NAMES: COPD 
chronic obstructive pulmonary disease 
PERTURBATION: impaired 
BULK~-GAS- FLOW 
TYPE: state 


DEAD-SPACE 


ASSOCIATED-STATES: WIL 

NIL 

WIL 
CLINICAL-MEASURABILITY: . possible but uausual 
DEFAULT -MUMERIC-VALUE : 160 
DEFAULT-QUALITATIVE-VALUE: normal 


DESCRIPTION: volume of tidal gas which does not reach gas-oxchang ng ar 


eas of the Jung Bact. 


GLAB; vo 
ICON: .3875 
0 
1 
4 
45 
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INFLUENCING-PROCESSES: WIL 
NAMES: dead space 
physiologic dead space 


vo 
NORMAL-RANGE: 100 
200 
PHYSIOLOGIC-RANGE: 50 


1000 ‘ 
PROCESSES-INFLUENCED: | BULK-GAS-FLOW as 
REFERENCES: Guyton pp. 484-486 rok ; 

West pp. 16-19 
TYPE: parameter 
UNITS: al 


ASSOCIATED-STATES: WIL 

WIL 

WIL . 
CLINICAL-MEASURABILITY: possible but unusual 
DEFAULT-NUMERIC-VALUE: 04 
DEFAULT-QUALITATIVE-VALUE: normal 
DESCRIPTION: fraction of inspired gas volume which is C02. 


GLAB: FICO2 
ICON: . 96876 
0 
1 
4 
46 


INFLUENCING-PROCESSES: WIL 
NAMES: FICO2 
fractionional inspired C02 

NORMAL - RANGE : .04 

04 
PHYSIOLOGIC-RANGE: MIL 
PROCESSES-INFLUENCED: LOWER-AIRWAY-GAS-MIXING 
REFERENCES: Guyton 493-494 
TYPE: parameter 
UNITS: <% 


HOMEOSTASIS 


DEFAULT-STATUS: active 
DESCRIPTION: seunietene of the iaternal sev irceeest by & ‘Viving organis 
DESCRIPTIVE- -LEVEL- OF- -ABSTRACTION: physiologic’ 
GLAB: homeostasis any Pee ay 
ICON: -476 

1 

1 

3 

90 
INFLUENCING-PARAMETERS: WIL 
IS-A-MECHANISM-OF : survival 


THE RESPIRATORY MODEL 


MECHAWISMS: CO2-ELIMINATION 

NAMES: homeostasis 

PARAMETERS-INFLUENCED: WIL 

QUALITATIVE-RULES: WIL. 

QUANTITATIVE-RULES: WIL 

REFERENCES: WIL 

TAXONOMIC-LEVEL: 0 ‘ 
TELEOLOGY: maintain those conditions which are cams ikis with Tife 
TYPE: sSumagenus 


HYPERCAPNEA 


rr) 


DESCRIPTIVE-LEVEL-OF -ABSTRACTION: physiologic 
NAMES: hypercapnea 
hypercarbdia are 
hypoventilation - : 
PERTURBATION: increased ; ole 
PCO2 
TYPE: state 


HYPERMETABOLISN 


DESCRIPTIVE-LEVEL-OF - ABSTRACTION: " pathophystologic 
NAMES: hypermetabol tsa ie Ties 
PERTURBATION: increased 

METABOL IC-C02-PRODUCTION-RATE 
TYPE: state 


HYPERPNEA 


DESCRIPTIVE-LEVEL-OF-ABSTRACTION: physiologic. «. 
NAMES: hyperpnee 
PERTURBATION: increased 
RESPLRATORY-RATE 
TYPE: state ‘ 


HYPOCAPNEA 


DESCRIPTIVE-LEVEL-OF-ABSTRACTION:  phystfologic 
NAMES: hypocapnea 
hypocarbia 
hyperventilation 
PERTURBATION: decreased 
PCcO2 
TYPE: state 


14 


HYPOMETABOL ISN 


ry 


DESCRIPTIVE -LEVEL-OF -ABSTRACT ION: 
NAMES: hypometabol ism 
decreased 
METABOLIC -CO2-PRODUCT ION-RATE 


PERTURBATION: 


TYPE: | state 


HYPOPNEA 


DESCRIPTIVE-LEVEL-OF -ABSTRACTION: 


NAMES: hypopnea 
PERTURBATION: 


pathophysiologic © 


aa 


physiologic 


decreased 


RESPIRATORY -RATE 


TYPE: state 


LOWER-AIRWAY-GAS-MIXING 


eww ew eee mem manors 


ASSOCIATED-STATES: 
DEFAULT-STATUS: 
DESCRIPTION: 


tree ” 
DESCRIPTIVE~LEVEL-OF - ABSTRACTION: 


GLAB: gas mixing 
ICON: .8625 


c . 166666666667 
Bove 1 


3 
90 


INFLUENCING-~PARAMETERS : 


1S-A-MECHANISM-OF ; 
MECHANISMS: NIL 


WIL 


active 
mixing of intraputmonary gas tn the _jowgr Sraphonbraneh ie} 


physica? ne 


ALVEOLAR-VENTILATION 
FICO2 
PULMONARY -GAS-TRANSPORT 


NAMES: lower airway gas mixing 


gas mixing 
PARAMETERS~ INFLUENCED: 


QUALITATIVE-RULES; 


QUANTITATIVE-RULES; 
Guyton pp. 496-496 


REFERENCES: 
TAXONOMIC-LEVEL: 
TELEOLOGY: NIL 
TYPE: precess 


ALVEOLAR-PCO2 ah 
ALVEOLAR-VENTILATION->M- <A veotkn ee 
F1CO2->M+: ALVEOLAR-PCOZ 

WIL 


METABOLIC-CO2-PRODUCTION-RATE 


ee eee ree 


ASSOCIATED-STATES: 


NIL 
WIL 
WIL 
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THE RESPIRATORY MODEL 


CLINICAL-MEASURABILITY: 
DEFAULT -NUMERIC-VALUE : 


possible but spose! 
NIL 


DEFAULT-QUALITAT IVE-VALUE : normal 


DESCRIPTION: rate at which carbon dioxide is prodeced by tissue motabol 


ism 
GLAB: C02 prod . 
ICON: 0 
-666666666667 
1 
4 
46 


INFLUENCING -PROCESSES; 
NAMES: metabolic CO2 p 
C02 prod 
NORMAL-RANGE: WIL 
PHYSIOLOGIC-RANGE: NIL 
PROCESSES- INFLUENCED: 


REFERENCES: Guyton pp. 
TYPE: parameter 
UNITS: mg per hr per s 


pCco2 


NIL 
roduction rate 


CO2-ELIMEMATION a 

CIRCULATORY- ~COLTHAREPORT - 

TISSUE- “CAPTLAARY-CO2-DFFFUBION | 
610-811 


q cm body surface ares 


ASSOCIATED-STATES: HYPERCAPNEA 


NIL 


HYPOCAPMEA 


“ CLINICAL-MEASURABILITY : 
DEFAULT -NUMERIC-VALUE : 


routine 
40 


“> DEFAULT-QUALITAT IVE -VALUE ; normal 


DESCRIPTION: partial p 


GLAB: paco2 

ICON: 476 
-666666666667 
1 
4 
45 


INFLUENCING -PROCESSES : 


NAMES: arterial pCo2 
pco2 
pac02 
NORMNAL-RANGE: 38 
: 42 
PHYSIOLOGIC -RANGE : 16 
100 
PROCESSES- INFLUENCED: 


REFERENCES: West p. 
TYPE: parameter 
UNITS: am Hg 


ressure of carbon dioxide in arterial blood 


CIRCULATORY - -602- -TRANSPORT, RESPIRATORY-CONTROL-OF 
~PCO2 

CIRCULATORY -FLOW, PULNONARY-GAS-ERCHANEE”’ 
ALVEOLOCAPILLARY-DIF FUSION 


ha hip et 


RESPIRATORY-COMTROL-OF = -Pcoe a 
MORE EEIES P 
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PULMONARY -GAS-E XCHANGE 


ASSOCIATED-STATES: MIL 
DEFAULT-STATUS: active 
DESCRIPTION: exchange of gasses between the body and its environment by 
the Tungs 

DESCRIPTIVE-LEVEL-OF-ABSTRACTION:  physiclogic 
GLAB: gas exch 
ICON: .71876 

6 

1 

3 

90 
INFLUENCING-PARAMETERS: RESPIRATORY-RATE 

TIDAL -VOLUME 

IS-A-MECHANISM-OF : RESPIRATORY -CONTROL~OF -PCO2 
MECHANISMS : PULMONARY -GAS-ERAMSPORT : : ; 


ALVEOLOCAPILLARY-DOLFFUSION 
NAMES: pulmonary gas exchange 
gas exch 
PARAMETERS-INFLUENCED: CO2-EXCRETION-RATE 
PCO2 . 


QUALITATIVE-RULES: RESPIRATORY -RATE~>M- : PCO2 M+: COZ~-EXCRETION-RATE 
TIDAL -VOLUME - >M- : PCO2 , M+: CO2-EXCRETION-RATE 

QUANTITATIVE-RULES: WIL 

REFERENCES: WIL 

TAXONOMIC-LEVEL: 3 

TELEOLOGY: WIL 

TYPE: process 


PULMONARY -GAS-TRANSPORT 


ASSOCIATED-STATES: WIL 
DEFAULT-STATUS: active i 
DESCRIPTION: transport of tidal gas between the external environment an 
d the alveolii 
DESCRIPTIVE-LEVEL-OF-ABSTRACTION:  physiotogic 
GLAB: gas trans ia 
ICON: - 71876 
- 333333333333 
1 
3 
90 
INFLUENCING -PARAMETERS : RESPIRATORY-RATE 
TIDAL -VOLUME 
IS-A-MECHANISM-OF: = PULMONARY-GAS-EXCHANGE 
MECHANISMS:  BULK-GAS-FLOW 
LOWER-AIRWAY-GAS-MIXING 
NAMES: pulmonary gas transport 
pulmonary ventilation Fe 
gas trans 
PARAMETERS- ENFLUENCED: ALVEOLAR -PCO2 
QUALITATIVE -RULES: RESPIRATORY -RATE->M- ;: ALVEOLAR-PCO2 
TIDAL -VOLUME - >M- : ALVEOLAR-PCO2 
QUANTITATIVE-RULES: NIL 
REFERENCES: Guyton pp. 476-490 
West pp. 11-20 
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TAXONOMIC-LEVEL: 4 
TELEOLOGY: WIL 
TYPE: process 


RESPIRATORY -CONTROL -OF -PCO2 


ASSOCIATED-STATES: WIL 
DEFAULT-STATUS: active 
DESCRIPTION: regulation of arterial pCO2 by the a alt be system 
DESCRIPTIVE -LEVEL-OF-ABSTRACTION: physiologic 
GLAB: pCO2 regi 
ICOM: . 71876 
- 666666666667 
1 
3 
90 
INFLUENCING -PARAMETERS : Pega. 
IS-A-MECHANISM-OF : co2- ELIMINATION 
MECHANISMS: CHEMORE FLEXES 
PULMONARY -GAS - EXCHANGE 
WAMES: respiratory control of pC02 
respiratory pC02 regulation 
pco2 reg! 
PARAMETERS-INFLUENCED: CO2-EXCRETION-RATE oe 
Pco2 ‘ 
QUALITATIVE-RULES: PCO2->M+:CO2-EXCRETION-RATE ,M-:PCO2 | 
QUANTITATIVE-RULES: = NIL aes 
REFERENCES: Guyton pp. 616-627 = 
West pp. 113-127 = 
TAXONOMIC -LEVEL: 2 
TELEOLOGY: maintain paCO2 at a sonstant vere” 
TYPE: process 


RESPIRATORY -RATE 


ewe em em ewww 


ASSOCIATED-STATES: HYPERPNEA 
WIL 7 
HYPOPNEA a 
CLINICAL-MEASURABILITY: routine 
DEFAULT-NUMERIC-VALUE: 12 


DEFAULT-QUALITATIVE-VALUE: normal ea . 
DESCRIPTION: rate of breathing sftce 
GLAB:. RBG (ie, 
ICON:  .3876 pug ota ae 
. 333333333333 ee Se eata es os 
1 a BF 
4 ( 
46 


INFLUENCING-PROCESSES: CHEMOREFLEXES 
NAMES : respiratory rate 
RR vag uc BSE tas os 
NORMAL-RANGE: 10 - ee a alae geek 
15 Sane oi 4. eon gt 3 
PHYSIOLOGIC-RANGE: 6 
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60 eet 


PROCESSES-INFLUENCED: | PULMONARY-GAS-EXCHANGE ae 
PULMONARY -GAS- TRANSPORT ree 
BULK-GAS-FLOW 


REFERENCES: WIL 
TYPE: parameter 
UNITS: breaths per min 


TIDAL -VOLUME 


ere n ww enna 


ASSOCIATED-STATES: MIL 
WIL 
WIL 
CLINICAL-MEASURABILITY: possible but unusual 
DEFAULT -NUMERIC-VALUE : 600 
DEFAULT -QUALITATIVE-VALUE : normal 
DESCRIPTION: volume of gas expirexd in a siegite breath’ vies 


GLAB: vt ay Si v4 
ICON: 3876 

166666666667 a 

1 cov? 

4 oe pe Py 

46 
INFLUENC ING-PROCESSES: CHEMOREFLEXES: — ae 


NAMES: tidal volume 


vT 
NORMAL-RANGE: 400 
: 600 : no 
PHYSIOLOGIC-RANGE: 650 ; 
3600 
PROCESSES- INFLUENCED: PULMONARY -GAS-EXCNANGE ° 
: PULMONARY ~-GAS- TRANSPORT 
BULK-GAS-FLOW 
REFERENCES: Guyton pp. 480-482 
West pp. 12-14 
TYPE: parameter 
UNITS: = mi 


TISSUE -CAPILLARY-CO2-DIFFUSION 


ASSOCIATED-STATES: WIL oa 
DEFAULT-STATUS: active oe : 
DESCRIPTION: passive diffusion of carbon dfextée tree metabor izing tis 
; ues to capillary blood 
DESCRIPTIVE-LEVEL-OF-ABSTRACTION: chemical 
GLAB: t-c CO2 diff 
ICON: . 06876 
a.) a . 
1 Peal ante. = Sp ig ALES 
3 , i ‘ oe 
90 
INFLUENCING-PARAMETERS: METABOLIC-CO2-PRODUCTION-RATE 
IS-A-MECHANISM-OF: CIRCULATORY-CO2-TRANSPORT 
MECHANISMS: WIL 


THE RESPIRATORY MODEL 


NAMES: tissue-capillary CO2 diffusion 

t-c C02 diff 
PARAMETERS- INFLUENCED: CAPILLARY-PCO2 
QUALITATIVE-RULES: METABOLIC~C02-PRODUCT ION-RATE- >M+: CAPILLARY-PCO2 
QUANTITATIVE-RULES: NIL 
REFERENCES: Guyton pp. 497-500 

West pp. 21-30 

TAXONOMIC-LEVEL: 3 
TELEOLOGY: NIL 
TYPE: process 
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exact numeric value is not known (eg. body: temperature is increased). 
Similarly, KBPMS will display numeric yatyes naneyee possible, and 
qualitative values otherwise. a eee 


II. General Program Features 


KBPMS ts designed to run in several different hardware environments 
and some of the following information may vary depending on the particular 
implementation. However, most of the ponerse! principe la’ should apply. 


The video. display. is. divided: into: four regions: ta KOPRS These are: 
a title line, a framed. graphics: window,: an uafPemed text: window, and 
a command. ling (softkeys on the-HP-160). The user’ and the program interact 
by manipulating the contents of the display windows using’ the alphanumeric 
keyboard, the. function keys, .and: pointing mechaktsms (anode, ey 
touch-sensitive. display, the atpsannmer st ‘cuPsoF, oF some Gémbination 
of these). 


Tha ‘graphica » window may be manipulatad. by. the Conaatias’ ‘in ‘the Graphics 
Options menu. The text windew may be manipulated (serdtiéd) by the commands 
displayed alang with the text. For comveatenée,; thé ‘four dfrectional arrows 
(up, .down, left, cight) and the <Next>; <Prev»; and <Tog> (16 o'clock arrow) 
keys may also be used to. augment: thd fuection keys avid ‘Bot ting mechanisms. 
Thus they. may be of aah tacenee Oe Sersritey we text: ‘window, moving a hot- 

spot, . 
directing the alphanumeric cursor to ‘point: to a ayntor, ‘or to request the 
next step in a simulation. However, they are not required for KBPMS to 
operate properjy and may act. be: present in some ‘imp Tementat tons. 


When prompted to. select a phyaiologtc entity, ‘the user’ may type 
its name or a. common abbreviation, request a list to ‘chotte from (by pressing 
“the space bar), or point.to a symbol’ displayed in tie qfephics window. 
The <f8>. function key may be: used: to. exit: from mest: ‘Segments: of the 
program at any roe whether or: “nor the. eee 18 currently displayed. 


KBPMS can be quite slow in partoensig some’ ofvite: futictions. Please be 
patient and wait for a response rather. ‘haa ceeaerenras. that the program has 
hung and re-booting-yeur computer. 


Ill. Specific Program Segments and Commands 


---> Main Menu .<--- 

= Simulation:. Allows the user to carry out an "exper tment" by specifying 
a set of perturbations and abservitng ‘the phys fotogic 
response to them. 


- Explanation: — Allows: the user. toe ask any of’ the fottowtng questions, 
where: the blaaks may be Filled dy any entity described by 
the current model: = 
. What. is ? ae (ge Oe 
. What directly influences. ? 
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. What is directly-iafiluenced by. ? 
. Does influence 


. What are the mechanisms of ? 


~ Show Entities: Lists all the entities which are described by the current 
mpdel. and. their common, abbreviations. The accompanytng | 
_, Magram {)lustratee tie parameters and processes. Note 
that, thia command ~ wearer slow. © 


Logging Of?: ~ Terminates ‘logging. 


- Logging On: Initiates logging of all textual program output to a file, 
printer, or other device. ; 


- Graphics Options: Allows the user to magnify, shrink, scroll, and print the 
hee coats displayed: diagram. This:4s: particutarty useful 
oc pomp lea dtagrems which may ae: wel eeere ed road: Le : 
the Grdinary oenehdce syingew: - 


- Help: — “Displays this information. 
- Extt: eaves, "KBPMS . 


---> Simulation <--- 


KBPMS first resets all physiologic parameters to their normal values 
and all physiologic processes to active, atetuass it then’ prompts the user 
to specify an entity Lo. parturh,, Jam. entd typ pay: on andacted as described 
above (11. General. Program Features)..If: the selected entity. i¢ @ protess, — 
then the user is asked to. choose. ong of :two- possibies statesse: active’ or 
impaired. If’ the elected Ontity, 13:8: pagometer: them the user 19 asked’ ree! 
choose @ ‘qualitat: ve value (normal , increased;:of decreased): ar a naherical 
value for the parameter. The user may continue entering additional 
perturbations, oc. altering. pray fously: SS onns; anti: he or” ‘the: 
decides to start the: sigulation... : sige FS vk 


There ts a substantial delay while. the: pcaarhe: seagiaes. the ‘etna lation. 
Attereatae. the usdr may review the siqulation ceag]te:with: the fotlewing 
commands: © 


- Next Step: Displays the next step of the simulation. 

- Prev Step: Displays the previous step of the simulation. © 

- Why?: _ .., Explains why. the. Serene ate ate - sok prace. 

- Close-up arf: ., Terminates cipsecup: mabe vcew Som ou ae 
- Close-up On: ©  Indtiakes close-up: moda ie; whichi only: thoee: ontities ; 


directly, invojved. in, tee, current’ sinalation step ate’ 
avprayed in the graphics edhe 


ays x3 


Graphics. Options: Same ae in mada menus 


- Summary: Displays. a graphical. ane: tak wianaey: of. ‘the entire. 
simulation run. and then returas ite the main wend. 
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- Main Menu: Returns to the main -menuw. 


===> EXD IAROS1OR <--- ; 

KBPMS asks. the user to select one of the avdivable% tuestions and entities 
to fill in the blank(s) in the selected question. The selection of questions 
and entities is. performed. as descr teed ‘above (Fr. “General Program Features). 
The answer to the question may consist of Next and/or diagrams, waich. are, 
displayed after a short delay. 


IV. How to get started 


_ The definitions listed above (I. 1atvodvetion) are ‘very important. 
Please review them before yeu start using KBPNS.-A: good. way to acquaint 
yourself with both the modeling system and: a‘partiduldr model is to look 
at the entities described by the model (<Logging On>, lag to printer, 
<Show Entities>; then be prepared té:wait, Bea faddtton is very 
slow). The summary diagram will seem hopeless] raaeey and illegible at 
first. Print a copy (<Graphics Options>, cor tae Pte a3} and set it aside for 
future reference. It will help things fall into place as you explore 
different parts of the model. Go back to the main menu end turn Jogging 
off for now. You can turn it back on at any time 4f you decide that 
you want to keep a Faterd of your ‘Session. 


one process, and ong state that you are sires ith Try each | 
of tha. possible questions to see what sort of ‘can Provide. 
Now take. a look at some entities wrich’ ere wate vot i? t rely.” . 

. exclusively om the aneware: provides by? the: pregrea “ae he, suggested 
~ referencas,.on hand. and use theml: 9° 


Examine. the list of: entities: aquest’ exp Tanat font ‘ot pe Ki parsnntar 
Tr 


Now try the. simulation feature. Specity a singte petaraaton, eg. 
an increase in one parameter. Examine each step of the similation and 
ask "Why?" for each step. Try close-up mode. Cet sree ta the summary 


using the Graphics Options. ff ‘the 's fwd} ation neters t aay “OAtities, wien 
which you are unfamiliar, go back to expranatiéa: adae “aa Wqutre about 
them. 


V. Exhortatione wots es * ¥ 


Remember thet KBPMS. is intended ‘as a means df exploration and 
experimentation. Please try to use it beyond the Strict confines. pf your .- 
assignment. If you are unsure of how: something Works’ or whether {t 
works properly, play with it -- see what happens. Whatever “happens”, 
it is. hoped. that: you wilt. leara somecniag ebout both the program ahd” 
the pactiguiar area: of phyetelegy: you" are” “stugying.’ oe 


Students, faculty, and staff -- be sure to menses your evaluation of. 
KBPMS!!! This feedback is very important’ from EVERTONE fo hés oteas {on 
to use the program and will be the basis for future modjfications. 
Please report oth positive and negative aspecté, “haf you 
used the program, aad what -spectfic@changes you wdutd Tike to see. 
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Please send these comments to Robert Kunstaetter via electronic mail 
using HP-DeskManager. I can also be reached over ARPANET (RKU@MIT-MC) or 
at the following postal address: 


Robert Kunstaetter 

Massachusetts Institute of Technology 
Laboratory for Computer Science 

545 Technology Square, Rm. 373 
Cambridge, MA 02139 


Have fun! 
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Appendix III 
A Sample fnteraction 


The following is a sample interaction. with KEN cage respratoty model shown 
in Appendix I. All text and diagrams shown were severed by the program. 


The following entities are known to this model : 


Parameters: 
alveolar pC02 
--> (a.k.a.: pACcd2) 
alveolar ventilation 
--> (a.k.a.: VA) 
alveolocapiltary C02 diffusion rate 
--> (a.k.a.: D002) 
capillary pC02 
--> (a.k.a.: systemic capillary aay 
--> (a.k.a.: cap pC02) 
CO2 excretion rate ; 
--> (a.k.a.: VCO2) 
dead space 
--> (a.k.a.: physiologic dead space). 
--> (a.k.a.: VD) 
FICO2 
--> (a.k.a.: fractionional inspired C02) 
metabolic C02 production rate 
--> (a.k.a.: C02 prod) 
arterial pC02 
--> (a.k.a.: pC02) 
--> (a.k.a.: paC02) 
respiratory pate Sone fk 


--> (a.k.a.: AR) 
tidal volume : ee ee eee Te ai ovid 
-°> fa.kia.: VT). ca ae » : J 
Processes: . Foes : 


alveolocapillary diffusion 
--> (a.k.a.: a-c diff) 
bulk gas flow 
--> (a.k.a.: gas flow) 
the medullary chemoreflex 
--> (a.k.a.: chemoreflex) 
--> (a.k.a.: chemoref) 
circulatory C02 transport 
--> (a.k.a.: C02 trans) 
circulatory flow ; 
--> (a.k.a.: cire flow) ed 
C02 elimination | 
--> (a.k.a.: C02 elim) 
lower airway a” mixing 
--> (a.k.a.: gas mixing) 
pulmonary gas “exchange 


--> (a.k.a.: gas exch) | 

pulmonary gas transport — ma 
--> (a.k.as: pulmenaty yentilation) ~§ .- A 
~~> (a.k.a.: gas trans) 

respiratory control of pC02 


ZI}: Pink: Br: Ceapteiahary’ #008 .coguies sony te 


a.k.a.: pCOZ regt) : 
tissue-captliary CO2' diffusion 
“-> (a.k.a.: t-c C02 aiff) 


alveolar hyperventilation 
alveolar hypoventilation 
ARDS 


--> (a.k.a.: adult respiratory distress syndrome) 


--> (a.k.a.: shock lung) 
coPD 


hypercapnea 


--> (a.k.a.: hypercarbia) BEES 


--> (a.k.a.: hypoventilation) = = 


hypermetabol ism 
hyperpnea 
hypocapnea 
~-> (a.k.a.: hypocarbia) 
~-> (a.k.a.: hyperventilation) 
hypometabolism 
hypopnea 


~Q: What is arterial pC02? 


~-> (a.k.a.: chronic obstructive pulmonary disease) 


~~ “APPENDEX III 


A: Arterial pCO2 (pCO2, paCO2) is a phystologic parameter, the partial 
pressure of carbon dioxide in arterial blood measured in‘ mm Hg...Its normal 
range is 38 to 42. Its physiologic range is 15 to 100. It.is routiae to 
measure in most clinical settings. Increased arterial pc02' is called 
hypercapnea. Decreased arterial pCO2 is called hypocapnea. For more. 


information see West p. 1. 
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Q: What directly influences arterial pCO2 (pC02, paC02) 7 


A: This question may be answerdd at three atts erat, Tevals. of. detail. At the 
most abstract level, artertal pC02 ts directly inf Tuenced, by. masenplic £08 
production rate through: circutatory coz ‘thanspor' ‘Bnd arterial pC02 through. 
respiratory. contral: of pcoe. At: w wore tetattad ” eval. arter al pco2 is |. 
directly influenced by capillary pC02 through circutatory. flow and respiratory 
rate and tidal volume through pulmonary gas exchange. At an even more detailed 
level, arterial pCO2 is directly influenced by alveolar pCO2 and 
alveolocapillary C02 diffusion rate through alveolocapillary diffusion. 


circ flow 
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Q: What is directly influenced by arterial .pCQ2 {pCO2; pacog) ? 


A: This question may be answared at tuo diffenent levels: of datatl. At the 
most atstract levdl, artarial ,ploz. sipect by, ‘influences CO2 excretion rate and 
arter ial pcoz through res ipatory. ‘Control. of. pCOz,: Ata more detailed levet, 


artertal p02 directly in ‘Tuences, faepicatery cetmnedtitai: aie ae 
the medullary chemoreflex. a 2 $483 9G SE 
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Q: What are the mechantsms of arterial pC02? 


A; :Although this may be a reasonable question in a more general setting, it 
does not really make sense in the limited context of this model. Arterial pco2 
(pCO2, paCO2) is a physiologic parameter (an entity with a potentially 
masurable value) and does not have any mechanisms as such. In this modeling 
system only processes (defined as descriptions of the interaction between 
parameters) are said to have mechanisms. For example, one might ask about the 
mechanisms of tissue-capillary C02 diffusion, which is a process. However, 
asking about the mechanisms of something like tidal volume (another parameter) 
or hyperpnea (a state) would not be meaningful. 


Q: What are the mechanisms of pulmonary gas exchange? 


A: The mechanisms of pulmonary gas exchange (gas exch) are pulmonary gas 
transport and alveolocapillary diffusion. . 


é 


a-c diff ! 


gas trans 
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Q: Does arterial pCO2 influence respiratory rate? .- = 


A: Yes, arterial pCO2 influences respiratory rate through the medullary 
chemoreflex. — a a 


cheaoref. 
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Q: Does arterial pC02 influence metabolic C02 production rate? 


A: No, arterial pC does not influence .metabal io;C02 production rate. 


aN, 


Q: Does arterial pCO02 influence alveolar ventilation? 


A: Not directly, however arterial pCO2 influences respiratory rate through 
the medullary chemoreflex and respiratory rate influences alveolar ventilation 
through bulk gas flow. 
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Q: Does tidal volume influence respiratory rate? 


A: Not directly, however tidal volume influences arterial pCQ2 through 
pulmonary gas exchange and arterial pCO2 influences ‘respiratory rate through 
the medullary chemoreflex. 


A-SAMPLE INTERACTION . 95 


Q: Does dead space infiuence respiratory rate? 


A: - Not diractly, however dead space -inf luences: alveolar ventilatton through 
bulk gas flow, alveolar ventilation influences: alveotar'pC02 through Tower 
airway gas mixing, alveolar pC02: dnflusaces: arter tat p00Z through 
alveplocapil lary, diffusion and arterial pe Ser TUNER: EAB TAPOLY: rate 
through. ape nau lary chemoreflex. 


4 


cheaoref 


gas mixing 
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Q: What is bulk gas flow? 


A: Bulk gas flow (gas. flow) is a physical process, the flow of gas ‘volumes 
through the tracheobrochial tree. It is a. mechantem of puttonary gas” 
transport. It. mediates, the influence of: respiratory rete, tte ‘voTume and 
dead space on alveolar venttlation.: Increasing respiratory rate Increases 
alveolar ventilation. Increasing tidal volume tacreates wiveolar ventilation. 
Increasing dead space decreases alveolar ventilation. The following 
mathematical relationships apply: VA*RR*(VT-VD). Impaired bulk gas flow may be 
found in assoctation with COPD. For more information see Guyton pp. 484-486 
and West pp. 15-19. 


gas trans 
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Q: What is ARDS? 


A; ARDS (adult respiratory distress syndrome, shock lung) is a 
pathophysiologic state characterized by impaired alveolocapillary diffusion. 


Q: What is hypocapnea? 


A: Hypocapnea (hypocarbia, hyperventilation) is a physiologic state 
characterized by decreased arterial pC02. 
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~~~ Start of Simulation --- 
In step 1, dead space is increased as specified by the user. 
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SESE ASN Ss 
e 
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In step 2, alveolar ventilation is decreased fie. alveolar, hypoventilation] by 
increased dead space through bulk gas flow. — 
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In step 3, alveolar pC02 is increased by decreased | alvgolge east latton 
through lower airway gas mixing. i 


_ A SAMPLE INTERACTION ~ 101 


In step 4, COZ excretion rate is decreased: and. arterial pCO2 is increased [1e. 
hypercapnea] by, incrpased alveolar pCO2 threuph’ aiveclocaptiary: ai?fasion,’ 
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in step 5, respiratory rate is iacreased [ie. hyperpnee] and tidal volume 13 
increased by. increased arterial pCO2 threugh the medullary chemoreflex. — 


A SAMPLE INTERACTION 193 


In atep 6, alveolar ventilation is increased toward normal [ie. diminished | 


alveolar hypoventilation] by increased respiratory rate afd increased tidal 
volume through bulk gas flow, 
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In step 7, alveolar pCO2 is decreased toward normal by. increased slenter 
ventilation through lower airway gas mixing. 


oi ET 
7 enoref — dif , 


om, 
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In step 8, C02 excretion rate is increased toward normal and artertal pCO2 1s 


decreased toward normal [ie. diminished hypercapnea} dy merrener? alveolar | 
pC02 through alveolocapiltary diffusian.. . 
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In step 9, respiratory rate is decreased toward ‘normal [ie. diminished 
hyperpnea] ‘and tidal volume is decreased toward formal. by decreased artertal 
pC02 through the medullary chemoreflex. ; 

--- End of Simulation --- 


aoe Start of Stavist one er ae eee << 
In step 4, ianrebed 4 and the nedetinis see sage ied ae 
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In step 2, alveolar pCO2 ts increased by increased FICO2 through lower airway 
gas mixing. Ses Bi OE ae ) 
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In step 3, CO2 excretion rate is decreased and arterial plO2 is. increased [te. 
hypercapnea] by increased alveolar pCOZ through alveolocapillary diffusion. 


A.SAMPLE INTERACTION i 


Ordinarily, respiratory rate would be increased [ie. hyperaneg] and tidal 
volume. would: be increased by increased apterial peor’ through the medullary. 
chemoreflex. But in step 4, the medullary*cnemereftex*ts impaired and cannot 
mediate the influence of increased arter tat p62: therefore réspiratoby rate 
is unknown and tidal volume is unknown. eas oo. 
~-- End of Simutation -*- BS ct eee 
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alas emer t Start of Simulatios.--- 

Step.1: FICO2 is increased and.the medul tery: chemoret ex is impaired, 

Step 2: Alveolar. pco2 is. increased. ; 
‘Step 3: C02 excretion sate is. decreased and. arteria? poor. is Anereased [fe. 
‘hypercapnea). 

Step 4: Respiratory rate is unknown and tidal volume te: datinows 

--- End of Simulation --- oS 


ania 
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Appendix IV. . 
‘Evaluation. Inésfruments 


The following, are the educational objectives, homework. assignment, and quiz which 
were distributed to the New Pathway students, faculty, and’ staff as p: rt of the preliminary 
evaluation of KBPMS. 


Educational Objectives 


The goal of the Respiratory Physiology V1.1 model is to 
provide a medium for exploration of selected aspects of carbon dioxide 
homeostasis by the respiratory system. After using this model to carry 
out an appropriate homework assigment, withia the framework of a 
comprehensive human physiology course, students should be able to: 


1) Understand, define, and appropriately use the following terms: 


alveolar pCO, (pACO,) 
alveolar ventilation (VA) 
alveolocapitlary CO, diffusion rate (DCO,) 
capillary pCo, 

CO, excretion *nate (vCO,) 
dead space (VD) 

fractional inspired CO, (FICO, ) 
metabolic co, proses (ee rate. 
arterial pCO, (paCo 
respiratory rate ef 

tidal volume (VT) 
alveolocapillary diffusion 
bulk gas flow 

circulatory co, transport 
circulatory flow 

the medullary chemoreflex 
lower airway gas mixing 
pulmonary gas exchange 
pulmonary gas transport 
pulmonary ventilation 
respiratory control of pCo, 
tissue-capillary CO, diffusion 
alveolar hyperventiiation 
alveolar hypoventilation 
hypercapnea 

hypercarota 

hyperventilation 

hyperpnea 

hypocapnea 

hypocarbia 

hypoventilation 

hypopnea 


2) Understand the input/output relationship of metabolic co, production 
and respiratory co, excretion. 
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3) 


4) 
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Understand the feedback loop which governs respiratory control of 
CO,, the role of the variaous physiologic parameters and processes 
which comprise this loop, and the central importance of paC0O, and 
medullary chemoreflexes. 


Understand some potential sources of dysfunction in respiratory 
CO, homeostasis and the clinical situations with which they may 
be associated. 
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The Homework Assignment 


From: Or. Martia Kushmer ick 
To: New Pathway Students 
Date: January 10,1986 


Robert Kunstaetter, §.0., aikhags with Octo Betnett and the 


Lab of Computer Science at so has prepared: a‘ tearntig ‘module 


about carbon dioxide.homeostasisifor the 'HP4i66: ‘My "bettef is_ 
that this is a very good example of the use of a computer as a 


learning tool. I ask you therefore to participate 
enthustastically...in the following ptad;: --Althedgh wé-are ‘quite 
convinced that the program ts usefal, : we Watt to -edaftra “this 
intuition, and find.aut whether in fact thts -pedgrém t¢ useful to 


you. First you will work on a homework exerc P8¢ “deserted vélow. ' 


Later (on Tuesday or ee: Jad. ‘ae piled dicscibel Witt bee a 
take-home "quiz". PGES 


In order to find out to what extent the computer program is 
convenient and useful, and to what extent it actually aids 
learning, I want you all to perform a special study assignment to 
explore certain aspects of carbon dioxide homeostasis. The 
problems to work on are obviously a subset of the work you are 
doing in respect to the case of Mr. Allen, and closely relate to 
the respiratory laboratory. Thus consider each of the following 
questions. Realizing the pressure of work, I am not asking you 
to write up anything for this assignment, but please give it 
careful consideration none-the-less. In addition, please keep a 
record of the amount of time you devoted to various resources 
(textbooks, lab material, computer program, journals, etc.) tn 
doing this exercise and hand this in to me. 


Please consider the fallowing six questions: 


1) How does the respiratory system respond to changing amounts 
of carbon dioxide in the body? 


2) What physiologic pathways mediate this response? 


3) If CO, homeostasts is viewed as a feedback Toop, what are 
the sensors, effectors, mediators, and setpoints of this 
feedback system? 


4) How might the pathways of CO, homeostasis be disrupted so 
as to impair this physiologic response? 


5) What will happen to respiration if you rebreathe from 
closed bag? Consider a bag that tnitially contains 10 L 
of room air. Consider the changes in its volume and the 
partial pressures of co, and 02. 


6) Why does ventilation increase during exercise, and 
what effect will this have on alveolar gas tensions? 


Now, regarding the evaluation of the computer program as a 
learning tool. Only half of you (Groups A & B) will be given the 
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computer program at this time. I ask this group to use it 
extensively as an important learning resource along: ‘with your 
texts and laboratory materials. I ask both groups to 
thoughtfully go through the above homework exercise. i= Ga a 
or Wednesday everyone will be given a take-home "qete® which 
intended to evaluate the your overall understandiag: of: ce 
homeosatsis. This "quiz" should be done closed-book and ects 
take no sore than 1,5.hours of your time..~ It wiF] im Ao® way 
influence your overai] evaluation.in: this course: Fottowtag: ‘the - 
"quiz", the other half ofthe class will: meee access ‘te the 
computer program. 


If you have any questions so adetn ins the use. of the computer 
program, please contact Robert Kunstaetter via NP+Desk or call 
him at home. .... Yourevaluatioa of the progeam 13 cru¢fal to 
our continuing effert to provide -learning.reseusces of this type. 
Everyone should submit an-assesment ‘of tha prageen's - “strength, 
weaknesses, and suggestions for specific changes to ‘Dr. 
Kunstaetter via HP-Desk. 
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The Quiz 


Please work alone and without notes, books or use of the 
computer. Complete your work within 1 and @ half hours, i.e. 
about 10 minutes per question. Please answer each of the 
following questions in one or two paragraphs: 


1) What is dead space? 


2) How do tidal volume, respiratory rate, dead space, and alveolar 
ventilation interact? 


3) What directly influences alveolar pco,? 


4) Arterial pCO, plays a central role in carbon dioxide homeostasis 
by the respiratory system. Explain. 


5) Does dead space influence respiratory rate? Explain. 


6) What would be the consequence of impaired medullary 
chamoreflexes in an otherwise healthy individual? 


7) Describe the physiologic events which would take place if 
a healthy person was to breathe air which had a higher than 
normal concentration of CO,. 


8) A patient in the Intensive Care Unit is intubated, paralysed, and 
being artificially ventilated with 30% 02 at a rate of 18 breaths/minute, 
with a tidal volume of 750 mis and a dead space of 200 mis. 
His last arterial blood gas showed: p02*70, pC0,=30, plH=7.51, [HCO3J=23. 
You are concerned about his respiratory alkalosis and borderline 
oxygenation. You can contro] the patient's. tidal volume and respiratory 
rate by adjusting the settings on his ventilator and you can control 
his dead space by adjusting the length of tubing connecting him to the 
ventiltor. You consider increasing his tidal volume to one liter but the 
respiratory therapist on duty reminds you that the patient has severe 
emphysema and that the increased pressure might rupture a bleb in his 
lung and cause a pneumothorax. What else might you do to decrease the 
alkalosis and increase oxygenation? 
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Se 


EVALUATION RAW DATA 


evaluation quiz: 


(all scores are %) 


Student ---> 


Question Type 


1 I 
2 II 
3 I 
4 II 
§ I 
8 II 
7 I 
8 II 
All Type I 


All Type II 


All Questions 


Evaluation Raw Data 


The following are the scores of the two groups of New Pathways students on the 


Appendix V 


100 
100 
20 
90 
100 


79 
60 


Experimental 
2 3. 4 
90 90 100 

100 ©6.20—Ss« 90 
60 78 100 
90 80 100 

100 ©=60s«100 

100 100 50 
90 80 100 
40 60 «80 
83 74 100 
83 65 80 
83 «69 ~—s«90 


100 


100 


90 


78 


Control 


78 


100 


100 


80 
76 


78 


100 


100 


100 
20 


70 
78 


74 
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STUDENT COMMENTS 


_ Student Comments 


L21 


The following are some of the New Pathway — comments regarding KBPMS. 


he ee ae 


ea tows 
‘ 
% s & 
: 

i 


KUNSTAETTER, ROBERT / NP/1 - HPDESK: yee. 


ween enone he we momar et wwe joo a me aoc ae en eS 


Message. : eee _ bakba: Aacascas at A210. 
Subject: Soeputer: teaching 50 ae “ 


The CO2 program teadéd without a hitch. ie about the .progran. itself. 
I spent about twd hourg: fufintng ‘the. ‘proge , ‘and J wasa't really 
satisfied with thé ‘amount I learned. teed ‘aphics were great, the. 
explanations ‘were ‘edz tha, ‘bat tiie "yal at ige 4 ceally wert me cold. 


I first spent time fa- ot gap Tuiattond ‘sqetion, gatttag. ortented to 

the terms, ‘and cetet tons on ‘the big a ee eae the Aeinarchy 

of processes wes interesting. TI aa Toy: to A complex, body. 

of interratationships mapped out Tik « hit, homeostasis just 

isn't complicated enbugh for thtd to bs wir! ied ian % already — 

understood a major ty oF tite stionay tps, "Clem 

other ster? intd- tits model ater and lpesreyia 
homeostas fs, THEW we'd be datking 8. ert iy feee5 eg te 


pes The simulations: were: frustrating, First, you can! t siaudate, pathology 


because impairing & procets interrupts the sflgglation if. 1%’, In. the 
path of changes, and if the process’ Jsn° ty Me peth. of. changes, 
impairing it does nothing.» “Second, the’ thlag” "t ayantanive. nek 
This proved te be’ ceapaeiatty disappointing ‘attire ‘entering ‘specific | r 
altered values. When I tried altering CO2 production values, it 

was happy to call both .0000001 and 100000 normal. 


In the final analysis, the program was really beautiful, but I 
think I someone could have explained everything ittaught me in about 
ten minutes. 


you morked;some 
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KUNSTAETTER ROBERT / NP/1 - HPDESK cle 


a ss a sn, hr 


Message. “pated: 01/23/86 at 1004. 
Subject: reap prog mone ips 3 
Yea, though I hang my head ‘tn shy stil; wiWld Fatices to’ the -: 
strengths and weaktexses ‘of the’ ee, Pinally got a chance to 
really work through {t late last night. It pressed, I will do the 
exercise, but in the meantime I'd like to tell tou what I thought 
about USING it. First, I didn't find it what an age call ‘user 
friendly’. I mean, what is a parameter. geist teok, me three: shots 
at the program to understand how to get. @ Joside of it-well. 
enough to really exploit it. Second, I don't think it fs a useful 
tool for learning, which ign’t to say that it won't be great for 
review. I preferred the format Of the acid/base prgerag:js thig-regard,. 
I guess I feel more comfortable when led ae exercise on 
material which is not very clear tq me, Qace.I finally, figured: et: mow: to. 
use the pregram, ‘I I 'reattiod that’ t ere Hy, ir, set f.iten ; 
inside of it: ‘Agata, however, “t 06 re: th ‘ eas peer ‘have 
used all of that tnfo*t? ‘I’ ‘was: ust, Seata Daas variene: 
Also, the tersenese of tte Tanguag the’ ie tag ons makes this 
a really heavy oe ental Aneta & lat of, er gare ails 
out how thinge ‘are said. Ageia, ‘T Canon ant at ahha ap is/base 

pre 


program which, ‘though “‘teeTf ‘Timi ted 3 poerally mane. 

accessible exerctsé. f ingTly, ieee recommend. 7. it, 1g possible). 
similation while itis 
tt a pee te worse! 


that a way Be found tO mak changes ‘ta a 
being studted. F fount! ‘myself w ig th 
relationship betwedn thangs ait cer Ka me ae 
the works. I also wished T sould’ piny. @. ce vonage qapes while 
inside a simulation. I realize that tae of ny Toms, wae have 
Something to do with my not feeling comfortah)e, ith, pr upgor standing. . 
how to move: eee of, the program, put, that. epy.de 2 gorion.- 
problem to cohsider ag well. Anyway, I hope. these Bus iegsace of - ome 
value to you. 1: apologize’ tor net Neing: phe, ry acc ieging. in h 
helping out with the’ téSting of the edgieny hope that my comments 
here accomplish eee afoeg the Mens. ie ‘id hil va onal 


in hearing about: 
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KUNSTAETTER, ROBERT / NP/1 - HPDESK print. 


wean wae eames ZT eM Been wow soeneunseaereewae 


Message. Dated: 01/23/86 at 2356. 
Subject: Resptratory. 


I finally get to you on the Respiratory 
program. My initial impression was that it 
wasn't particularly valuable. I felt that the 
mode} was not teaching me anything that I didn’t 
already know and that the format was somewhat 
forced. Then I finally found the time to take 
the exam, and here are my new thoughts. 

First of all, I was irritated about having 
to spend the time on the exam, but it turned out 
to be a wonderfully integrating expertence for me. 
It forced me to organize what I had learned and 
identified what I had not. Interestingly, as I 
thought about answering the questions, the simula- 
tion diagram k popping in my head and it helped 
me to very clearly plan the flow of ny ideas. I 
now realize that the repetition was more valuable 
than I had suspected! I was unclear about the 
role of peripheral chemoreceptors, however, and 
am not sure that they were included in the program. 

Learning by computer certainly is fun and a 
pleasant break from the more passive reading. Good 
luck in future development. It is untikely, however, 
that any given program will be equally helpful to all. 
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